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.ippican, inc.

1 ,
XCTD Development Program

Final Report

1.0 INTRODUCTION

Thih report represents the Final Report under contract number
N00014-82-0579 for the development of the Expendable Conductivity,
Temperature, and Depth (XCTD) probe.

This report contains descriptive material representative of the
XCTD system as it has evolved over the course of the program. No
attempt has been made to chronicle the events, wrong turns, and failed
approaches that inevitably occur in a development program. The
details of the mechanical and electrical desiqn may be gleaned from
the XCTD drawing package previously sent to the Scientific Officer.

1.1 Program Objectives

-It was the objective of the XCTD development program to develop
and test an expendable instrument system capable of providing ocean
salinity to an overall accuracy of 0.05 parts per thousand. Table 1.1
is a summary of the design goals that emerged from this requirement.

1.2 Conclusions

A workable XCTD system has emerged from the development work
pursued to date. An XCTD probe subsystem design has been built and
tested at sea that provides data from the surface to 1000 meters as
required. A deck gear subsystem, with supporting host comouter
software has been demonstrated in the laboratory and at sea. The
calibration techniques have been developed that permit accurate
calibration of probes In prototype quantities.

2.0 XCTD SYSTEM DESCRIPTION

The XCTD System is intended to provide the oceanographer with a
low cost and convenient method of acquiring temperature, salinity,
density, and sound speed data. The quantities are calculated from
primary data collected from the probe measurements of temperature,
electrical conductivity, and depth (pressure). The calculations of
primary ocean parameters are accomplished via the Practical Salinity
Scale of 1978 (PSS-78) and the International Practical Temnerature

"- Scale of 1968 (IPTS-68).
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TABLE I

XCTD DESIGN GOALS

SYSTEM REQUIREMENTS
(ONR/SOSI Contract)

Produce a System Capable of Presenting Salinity vs. Depth
to an Accuracy of 0.05 Parts per Thousand

Implied Performance Specifications

PARAMETER REWUIRED REQUIRED
ACCURACY RANGE

Temperature 0.03 C -2 to 36 C

Conductivity 0.03 mS/cm 20 to 75 mS/cm

Pressure (Depth) 2 1 0 to 1000 M

Environmental Specifications

None Specified

DrC TAB, E3Unfrnounced
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The XCTD System may be thought of as consisting of the following
subsystomsa

1. The expendable probe subsystem

2. The deck gear subsystem

- The Sippican MK9 data acquisition system

- The host computer and XCTD software

3. The XCTD probe calibration subsystem

2.1 XCTD System Physical Description

Figure 2.0 shows the XCTD at-sea configuration. The probe
subsystem and the deck gear subsystem are explicitly shown. The
at-factory calibration system completes the XCTD system.

2.1.1 Expendable Probe Subsystem

The expendable probe subsystem consists of the actual probe that
descends through the water column to collect data and the ship board
canister and spool to dereel wire as the research vessel moves forward
over the ocean's surface. Spools at each end of the wire link dereel
in order that tension on the wire may be kept below the wire breakingS strength to assure a communications link for the entire 1000 meters of
probe depth capability.

The expendable vrob4 itself falls at 3.248 meters/second +/- 2%,
"jI driven by the mass of the nose weight. Pressure, required for the

salinity calculation, is derived from the known fall rate and
measuring the time since the probe was launched.

Sensors, calibration components, and electronics aboard the
probe sense temperature and electrical conductivity of the water that
flows through the conductivity cell, convert the resistance of the
sensors to frequency, and drive the frequency along the ST wire to the
deck gear subsystem. Figure 2.1 is a cut away view of the development
model of the XCTD probe.
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2.1.2 Deck Gear Subsystem

The deck gear subsystem consists of a modified Sinpican MK9
Digital Interface unit and the Hewlett-Packard HP 85 computer.
Modifications to the MK9 include the addition of an XCTD personality
card to receive and process XCTD unique signals. In addition, changes
to the controller board PROM have been made to add XCTD to the list of
Sippican probes that the unit will process.

Software for the HP 85 computer has been updated to include XCTD
processing. The modified software receives, stores, and processes raw
data from the probe, calculates temperature, conductivity, salinity,
and depth from the probe in nearly real time. Neither of the deck
gear modifications prohibit the use of other Sippican probes with the
updated deck gear.

2.2 System Trades Summary

At the time that XCTD was first proposed, it was decided that
cost goals consistent with expendable instruments could be met only if
the material costs associated with the probes was kept low. The costs
associated with temperature and conductivity sensors interchangeable
to the accuracy required for the instrument were found too high for
the expendable prDbe.

An alternate approach that transferred the costs from the probe
to capital expenditures at the factory was found: to accurately
calibrate each and every XCTD probe at the factory prior to probe
packaging for shipment. This approach required the following
developments.

2.2.1 Expendable Sensors Stability Approach

The expendable conductivity cell is to be fabricated from Pyrex
glass. The material is chosen because of its lonq term dimensional
stability and its small thermal coefficient of expansion.

The temperature sensor was chosen to be a glass encapsulated
thermistor. Encapsulating thermistors in glass retards the rate of
change of resistance (at a given temperature) with time to preserve
the resistance vs. temperature relationship. Details about the
stability are described in section 7.0 of appenoix A to this report.
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2.2.2 expindable Electronics Stability Approach

The long term Atability in gain and offset associated with probe
electronics can not be guaranteed with the s&ae level of confidence as
the sensors exhibit. It is possible for the electronics to drift by
an amount that could contaminate the accuracy of the factory
calibration unless steps are taken to account for the drift. Sippican
has chosen to add two *calibration' resistors to the prob* electronics
whose resistance and stability characteristics are precisely known.
Further, the resistors are placed in series with the temperatur6 and
conductivity sensors and each sampled sequentially during every data
collection cycle. In this way, the transfer function of the
electronics between the sensor chain and the output is calculated with
every data transfer.

2.2.3 Expendable Instrument to Deck Gear Data Transmission

Transmission of data from the probe is vla two conductor, 39 AWG
wire, similar to that used with other Sapican products. Since the
sensors and calibration resistors are sampled sequintially, a time
multiplexed format for data transmission was chosen. Time
multiplexing permits less electronics in the probe (lowering cost) at
the expense of more complicated electronics at the deck gear. The
resistances associated with the sensors and calibration resistors are
converted to frequency and transmitter along th* BT wire to the deck
gear. It was discovered during the course of the orogram that it is
necessary to provide a *quiet time" in the transmission of the data
during the time that conductivity sensing was in proress.
Accordingly, the data format was desiqned to accommodate this
re*4uiArent. Figure 4.2 is a diagram showing data frames from the
old and now signal transmission formats.

i
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3.0 EXPENDABLE PROBE SUBSYSTEM DESCRIPTION

3.1 Sensors Description

3.1.1 Conductivity Sensor

The sensor to measure the electrical conductivity is a four
electrode cell developed at Sippican with the consultation of Mr. Neil
Brown. The cell itself is fabricated from standard wall Pyrex qlass
tubing whose length Is 221 ma and internal diameter 4.0 mm. Two
electrodes, made from gold flaehed cooer-bronne eyelets, reside at the
center of the cell's length. Two additional electrodes reside on the
outer surface of the probe, fabricated from the same material as the
internal electrodes. The cell constant, that quantity that relates
measured cell resistance to electrical conductivity of the contents of
the cell is given by

R a (I/C)(L/4A)

where R: The measured resistace
C: The conductivity of the cell's contents
L: rhe length of the cell
At The cross-sectional area of the cell.

Then,

C a (1/R)(L/4A) - (1/R)Kc

So, the cell constant Kc is given by

Kc - L/4A

for th6 electrode configuration we have chosen. Using the cell
dimensions mentioned above,

Kc = 44.0/cm, nominal

for XCTD.

I,
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3.1.2 Temperature Sensor N

The temperature sensor selected is the Thermometric. model
P20BA102N glass encapsulated thermistor. This particular device was
selected because of its known stability characteristicst, measured byI the National Bureau of Standards (Refer to Appendix A), its fast time
constant, and the small cross-sectional area (to minimise cell flow
restrictions). The thermistor is located at the center of the
conductivity cell, mounted through a hole in one of the conductivity
electrodes, and exposed to tho flow of water through the cell. Figure
1.2 shows the conductivity cell and thermistor arra'agement.

I 3.2 Probe Subsystem Mechanical Description

S 3.2,1 Canister Assembly

The canister assembly consists of a spool of 2000 meters of
wire, for payout as the launching vessel proceeds underway, and an ADS
plastic protective sleeve. A metallic launch pin connects the
canister and XCTD probe until the time of launch. The canister spoolI interfaces electrically with the various probe launchers to send XCTD
signals to the deck gear.

i 3.2.2 Probe Assembly

The XCTD probe provides a leak-proof pressure housing for the
sensors and electronics, the probe wire spool, and a hydrodynamic
shape for a consistent probe fall rate. Electrical exposure of the
four conductivity electrodes and two probe power-on electrodes isI provided. The probe is 29.5 cm in length, 5.0 cm in diameter, and has
a mass of 280 grace.

I 3.2.3 XCTD Sensors Response Characterization

Tests of the XCTD sensors were carried out at the facilities ofL NAVOCEANO in Bay St. Louis, MS. Appendix C to this report is a paper
presented to the Marine Technology Society Oceans '87 conference. The
results of the test indicate that the temperature response time of 90I milliseconds for full response and the conductivity sensor response
time of 100 milliseconds are well matched. These times, coupled with
the probe fall rate indicate a cell flushing length on the order of 80
to 160 co.

' 1I
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3.3 Probe Subsystem Electrical Description

[ The probe electronics are described in block diagram form in
Zigure 3.2. An alternating current source supplies current to a
series-connected chain of calibration resistors and the two sensors.
This "sensor chainO is so connected to assure that equal currents flow
through the sensors and calibration components. Since the calibration
resistors are very well known, the voltage developed across thei sensors can be accurately known.

Each of the sensor chain elements, the high calthration
resistor (MICAL), the thermistor, the low calibration essistor
(LOCAL), and the conductivity cell art sampled sequentially. The
current flowing through each of the resistance elements caube* a
voltage to be developed across the element. This AC voltage isF sampled, amplified, and input to a sample and hold amplifier. The
sample and hold device effectively converts the sensor AC signal to a
DC voltage suitable for input to a voltage-to-freauency convertor.I The V-to-F generates a frequency proportional to the resistance of the
sensor or calibration element currently being sampled. The ST line
drivers supply the current necessary to impress the freouency onto the
probe end of the wire link.

Power for the probe is furnished by chemical batteries within
the probe. Four alkaline manganese dioxide batteries with 120 mA-hr

j capacity supply +/- 12 vdc to power the Probe during the at-factory
1 calibration and during actual probe deployment. The battery voltage

is regulated to +/- 5.0 vdc to operate most of the probe electronics.
i The full battery voltage is used to power the ST line drivers to

impress the maximum voltage possible across the ST wire. The
regulators used permit the probe voltage to drop to +/- 7 vdc before
the operation of the electronics is affected. Laboratory tests at

I -3 C show that the batteries may be operated continuously for 25
minutes before the 7 vdc threshold is reached. At room temperature
(23 C), battery voltage dropped only to 8.80 vdc after 30 minutes ofI continuous operation. The total anticipated calibration time and
probe deployment operation time is expected to be about 8 minutes.

! i
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4.0 DECK GEAR SUBSYSTEM DESCRIPTION

4.1 Sippican MK9

I The deck gear ured In all laboratory development tests and at
sea for testing has been a modified Sippican MK9 data acquisition
unit. XCTD unique software has been added to~the other probe softwareI and has been used for all development and at-sea tests. Figure 4.1
shows the MK9 operation in block diagram form.

Consistent with Sippican's approach with other probes, an XCTD
unique personality card has been developed to fit within the MK9, in
an existing card slot. The personality card is designed to acquire
XCTD signals, perform analoq signal processing, and convert analog

" ] data into a digital format. Digital words, corresponding to the
frequencies from the probe are transmitted to the MK9 controller card.
rhe deck gear accomplishes the analog to digital conversion as
follows: Four zero crossings of, the probe frequency corresponding to
a sensor output define a window. The beginning of a data packet
"is detected and a 10 msec time delay is inserted to allow
transient effects of the BT transmission line to damp out. At
that time, a window is opened for a precise number of probe
frecuency zero crossings. The deck gear master clock (6.0 MHz)
frequency is counted during the time that the window is open. The
digital count that results is converted to a digital word and is
transferred to the host computer via the IEEE-488 bus. A timing
diagram that shows the above described process is included as Figure
4.2.

The daca frame, 250 msec in length, consists of frequencies
corresponding to LOCAL, conductivity, HICAL, and temperature, in that
order. Since the frequency range associated with the two calibration
components is known, the position of LOCAL and HICAL are known within
the data frame. Then, temperature data are uniquely located between
LOCAL and HICAL and conductivity data are uniquely located between
HICAL and LOCAL.

The MK9 controller card used is identical with previous cards
with the exception that the ROM on board has been modified to include
XCTD signal capability. As such, MK9's with XCTD capability will
support Sippican's XBT, AXBT, XSV, and AXSV probes.

| •
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4.2 HP 85 Software Description

Software for the HP 85 has been updated to incorporate XCTD
into the family of Sippican's environmental probes. Software that
supports XCTD will-continue to support the previously availahle family
of ocean products.

During probe drop, the HP 85 collects data via the ZERE-488 bus
I from the MK9. The data consists of a digital signal indicating start

of descent and digital words indicating the HICAL freauency,
temperature frequency, LOCAL frequency, and conductivity frequency.
These data are stored in internal memory and later transferred to
magnetic media for archival purposes. Time since probe start of
descent is incremented in 62.5 msec blocks for each iteration of the
temperature or conductivity segment received.

During probe drop, the following processing occurst The
frequency to resistarce transfer function of the probe is ascertained
by means of the frequencies associated with the HICAL and LOCAL
resistors for each data frame. That is to say, since HICAL (3000
ohms) and LOCAL (300 ohms) are precisely known, the resistance to
frequency transfer function for that data frame is known. The
transfer function is shown in the figure.
The frequency that corresponds to _ _______

temperature and that corresponds
to conductivity in a particular data
frame may then be converted to the
sensor resistance using the transfer
function established for that data frame. -
At this point in the processing, then, 

loe

the resistance of the thermistor and of

the conductivity cell for a particular
data frame are known.

In order to establish temperature in
degrees Celcius and conductivity in mS/cm,
the calibration factors established at the factory must be employed.
Calibration data taken at the time of probe manufacture (and
represented by the accompanying figures) are used to lenerate
temperature vs. thermistor resistance and conductivity vs. cell
resistance as shown.IF C

"30
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laoh of the sensor's resistance is converted to the appropriate
primary unit by application of the curve generated at calibration time

I at the factory. Since the calibration data are probe-unique, it is
imperative that data from a particular serial number probe in applied
to data from that particular probe.

Probe depth is calculated from measured time and an empirically
derived and verified drop rate. From the drop rate data, the

S1 following equation has beeon founds

d = 3.246 t - 0.000495 tA2

S~where
d: Depth in meters
tt Time in seconds since the start of descent

The quadratic term accounts for the chanqe in mass of the probe asS wire pays off and for the increase in viscosity of the coloer water at
depth.

The temperature and conductivity calculated from the prinaryF measurements are plotted on the HP 85 screen as a function of depth.
In addition, salinity may be calculated from temperature,
conductivity, and depth, using PSS-78, If desired.

If
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5.0 CALIBRATION SUBSYSTEM DESCRIPTION

- ad This section of the repoct describes the calibration approach
and procedures employed to date. The procedures inc:lude many "tricks

of the, trade" learned by experience and by participation in the
learning process by representatives of the Woods Role Oceanographic
Instituittion and from Noll Brown Instrument Systems, Inc.

5.1 Calibration Approach

A&s was described elsewhere in this report, th* approach to the
low cost XCTD was to calibrate each probe at the Aime of manufacture
and to load the calibration data into the processing chain for each
probe at the time of probe launch.

IIt was determined that three calibration points for temperature
and three points for conductivity are needed to adecuately fit a curve
of measured parameter vs. resistance to meet our accuracy goal.[ Details are included in appendix A to this report.

The following table shows the conductivity expected from baths[ whose salinity was prepared at 38 parts per thousand and whose
temperature is as indicated.

"a Conductivity of 38 ppt Water at the Indicated Temperature

SCalibration Temperature Conductivity
Point ( C) (mS/cm)

SHigh 29.5 to 30.5 60.7 to 64.8

Kid 14.5 to 15.5 44.6 to 47.0

Low -1.5 to -0.5 29.2 to 31.5

The data indicates that maintaining the bath at 38 ppt and varyinq
only the temperature yields calibration bath conductivities that span

• r the range of oceanographic interest. The advantage of the constant
I salinity is twofold: Pirate calibration time is decreased since salt

needn't be added to increase the conductivity at the beginning of anew calibration process. 6econdly, the probes may be moved from onebath to another without changing the salinity of the baths.[ at

w
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At each of the throe calibration pointe, the probe output is
smpled simultaneously with the output of a calibration reference
instrument. The frequencies associated with the thermistor, LOCAL,
conductivity cell, and NICAL are sampled and stored along with the
bath temperature and cond"ctivity as indicated by the calibration
reference.

The frequencies associated with the RICAL and LOCAL resistors
r are used to calculate the probe electronics transfer function as shown

in the figure. The frequency
associated with the thernistorF and conductivity cell are con-
verted to their resistance
using the transfer function t
curve. Stored in memory and Re

I on naqnetic media, then, are
sensor resistance (Rt or Rc) w
vs. the reference instrument
measured bath temperature
and conductivity.

The probe is immersed in a second and a third set of temperatureI and conductivity conditions and the procedure repeated. Raw data from
the calibration baths correspond to data shown as stored in the
following table:I

CALIBRATION CONSTANTS CALCULATION DATA

Calibration Calibration Thermistor Bath Cell Bath
Point Resistor Resistance Temp. Resistance ConductivityFrecuency

LO HI

HI Flh Fhh Rth Th Rch Ch

MID Fla Phm Rtm Tm Rcm Cm

LO FP1 Phi Ttl Ti Rcl Cl

IJ
4j'7!

h.

!.
I
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Curves are fit t.rough the data so collected as follow, For
temperature, the Steinhart-Hart equation is used.

I/Th K Ka + Kb(ln Rth) + Kc(ln Rth)A3

I1/Ta K a + Rb(ln Rtm) + Kc(ln Rtm)^3

1/Ti K Ra + Kb(ln Rtl) + Kc(ln Rtl)A3

These equations are inverted to solve for Ka, Kb, and Xc, which become
the temperature calibration constants for a particular probe.

In similar fashion, conductivity constants are found:

SCh a Rd + Ke(1/Rch) -; Kf(l/Rch)A2

Cs - Kd + Re(l/Rcm) + Kf(l/Rcm)A2

I Cl n Kd + Ke(l/Rcl) + Kf(1/Rcl)^2

These equations are inverted to solve for Kd, Re, and Kt, which become
the conductivity calibration constants for a particular probe.

The above procedure makes the following assumptionsi

1 1. The reference instrument indicates the bath temperature
and conductivity accurately.

- 2. The bath Is uniform in temperature and conductivity
to the required accuracy, both spatially over distance
between XCTD and the reference sensor, and temporally
over the time required for calibration.

3. XCTD thermistor self heating effects are small.

The reference instrument referred to in the above list is the
Neil Brown Instrument Systems Model CT-Ill Calibration Instrument. In
essence, the instrument sensors and electronics are identical to the
popular Nell Brown CTD, but without the pressure housing required for
the at-sea unit. Published specifications are as follow:

Variable Accuracy Resolution Stability Range

I Temperature +/-0.005 0.0005 0.001/mo -3 to 32(C)

SConductivity +/- 0.005 0.001 0.003/mo 1 .o 65
(mS/cm)

I
I
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The accuracy of the reference Is a factor of six times better than the
XCY accuracy goals, which is adequate for a calibration referenceInsit rumnte

The calibration bath used to date has been a Guildline Model
9734. Specifications for the unit are listed:

Temperature Range -9.9 to 65 C
Regulation +/- 0.002 C over 24 hr
Gradients < +/- 0.002 C

Since we are measuring the temperature and conductivity
independently, the important considerations for the bath are its
stability and the absence of gradients within the bath water. We have
measured our bath to be uniform in temperature to +/- 0.001 C over the[ entire bath volume. Typical calibrations take about one minute per
calibration point--a time over which the bath proved to be stable.

Measurements of the thermistor self heating have been conducted
at Sippican. Self heating in still water was found to be 0.005 C. A
flow past the thermistor as low as 2 ml/sec was enough to make the
self heating effect imperceptible.

5.2 Calibration Procedure
[

The procedure that has evolved for calibration of XCTD's for use
at sea is discussed in this section.

The process begins by having our reference Instrument checked
by Neil Brown Instrumwnt Systems to measure the drift in temperature
and conductivity. The drift data are entered into the software used
for acquisition and processing of calibrrkion dtta.

The Guildline bath is thoroughly cleaned and filled with freshU water. Aquarium filters and pumps are set up to circulate water
through the filtering medium. After the water has circulated for
about 24 hours, the filter medium is changed and salt (a commercial
marine mix) is added to bring salinity to about 38 parts per thousand.
Salt is permitted to dissolve into solution overnight.

The reference instrument, XCTD holding finture, and a heat[ exchanger that directs flow through the conductivity cell are fitted
into the bath. The bath temperature is set to 35 C and kept there for
24 hours to degas the bath water. After the degassing procedure, the[ bath is set to 30 C, the first calibration roint, and allowed to
stabilize there.

Ii
I
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I.
Probes to be calibrated are placed in a temperature chamber set

i at the bath temperature. Th* purpose of this step is to pre-condition
the probes to the bath temperature to minimise the temperature change
to the bath upon probe immersion. The probe turn-on circuit
electrodes have been covered with a non-conductive tape to keep the
pro•be power turned off until data co.lection is ready to begin. When
all in ready, the electrodes are uncovered and the probe data and the
reference sensors data are collected via the RP 85 computer. FiftyI data points are sampled. Te mean thermistor resistance, cell
resistance, temperature, and conductivity of the bath are determined.
The ctandard deviation of the data is calculated. Data points outside
of one standard deviation are removed from the data and a new mean for
each variable is computed. It is these averaged data that are stored
as calibration data for the high calibration bath. All probes that
are ready for calibration are calibrated at this single temperatureI and conductivity point before altering the bath for the next
calibration temperature and conductivity.

The bath temperature is lowered to 15 C and the above procedure
is repeated.

The bath temperature is lower'd to -1 C and the above procedureF is repeated.

The calibration constants are calculated as previously described
and are stored on magnetic media for use at sea.

6.0 SEA TISTS SUMMARY

Many tests at sea have been carried out over the course of the
development proaram. Some of the tests had beon arranged with cable
lowered CTD's so that temoerature and conductivity dat•a could be
compared. Described hiloo are testm that were important in the
development of the XCTD system in that they exposed significant
problems in the de-ign or that they verified that the design problemsV were resolved. Sii,gled out are the last two sea tests, held in
September ard Noveobgr of 1987 for more detailed discussion. In
addition, thi sea test report for th1ese two tests is included with
this report as appcndix B.

6.1 October 1984 Sea Test (1.sV Weatherbird, Bermuda)

The objectivi of the test was to compare the XCTD'a with
one anothir to seek probe-to-probe repeatability. The test results,
however, showed water leaks into the electronics cavity when the
probes reached significant depths. in addition, the RICAL freouency
was so severely attenuated over the ST transmission line that data[ from the greater depths was unusable.

I
I
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I .6.2 April 1965 Sea Test (Polaris# St. Thomas)

The objective of the test was to demonstrate that a three pieceI conductivity cell with 0-ring seals was immune to sea water leeks.
Although the leak problem was solved, a new groundinq configurationI gave rise to a periodic 'jitter" on the data that seemed to get worse
with depth. If the jitter was ignored, probes intercompared with each
other and with the Sippican Expendable Current Profiler (XCP) to

i within 0.11 C.

5.3 November 1983 Sea Test (IWV Knorr# C-SALT)

I The objective of the test was to compare XCTD with a cable
lowered CTD in the Caribbean where distinct salinity and temperature

I Steps occur naturally. Temperatures compared to within n.1 C and
conductivities to within 0.21 mS/cm. The discrepencies were traced to
a faulty mid-temperature and mid-conductivity calibration at the
factory. Recalibration using the CTD at sea values showed much better
agreement between CTD and XCTD. The *Jitterl referred to above,
however, was still present on the data, precluding a more careful
comparison of data. Safeguards to the calibration process wereI instituted because of the problems encountered on this sea test.

6.4 May 1986 Sea Test (R/V Knorr# Gulf Stream)

I The objective of the sea test was to compare XCTD performance
with a CTD. Four of the seven traces wer useable (three probes
suffering data loss due to deck gear oroblems). The CTD data were
never made available, due to funding constraints at Woods Hole, the
operators of the CTD.

I 6.5 September 1987 Sea Test (R/V Weatherbird, Bermuda)

The objective of the test was to determine if electronics fixes
to remove the *jitter* described above had worked. Deck gear problems
caused no data to be collected real time. However, for the first time
a workable analog tape backup of the data was available. Analysis of
the data indicates that the "Jitter" is gone. Analysis had indicated[ that the "Jitter* was due to feedback of the ST wire frequency into
the electrodes of the conductivity cell. The problem was removed by
removing the signal from the ST wire at the time that sampling of the
ocean was taking place. Figure 4.2 shows the old data format and the
new one where the ST wire quiet time has been'added.

To the accuracy possible with the analog tape data, seven of
seven temperature traces were virtual overlays. Five of the seven
conductivity traces were overlays.

Ii5
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II!



Sippican, Inc.

A dataI ropeout problem between 25 and 50 meters was detected on N
several of t:eo probes for the first time. The problem has been traced
to a new BT wire line driver that was used for the probes for this
test. The device has been replaced with one that can deal with the
rate of change of capacitance that the BT wire experiences as sea
water is forced into the *pool of wire as pressure increases due to
increasing depth.

6.6 November 1987 Sea Test (I/V Weatherbird, sermuda)

The objective of the sea test was to compare the XCTD with
a cable lowered CTD. Probes were of the same configuration as tested
during the September 1987 sea test. Dock gear problems and the
failure of the analog tape backuo system caused a disappointing yield
of data. aowver, the *litter* was confirmed to be gone and
temperature atd conductivity, and calculated salinity accuracy goals,
as compared with the CTD, seem to have been met.

7.0 rFUTURE PLANS

Several items were learned during the course of the development
program that will be applied to XCTD, now in pilot production at
Sippican under joint NORDA/Sippican funding.

7.1 Expendable Probe Subsystem

The probe mechanical parts are in process of being tooled to
bring manufacturing costs down. Tooled parts will also cause probes
to be more nearly identical in their hydrodynamic characteristics,
thereby contributing to stable probe fall and cell flushing rates.

Probe electronics built to date have been fabricated on flexible
printed wiring boards. Our experience has shown that yields from the
boards is to low for successful production of the boards. As such,
electronics for future units will be fabricated on rigid printed
wiring boards using surface mounted components.

Calibration data unique to a particular probe will reside with
the probe for the production XCTD. The calibration constants
calculated at the factory will be stored in a PRO. within the canister
assembly. At the time that the probe is placed in the launcher and
prior to actual launch, calibration data will be read via the !99 into
the host computer. During probe drop, these calibration constants
will convert raw data into temperature and conductivity for display.
The raw data, however, will continue to be the data stored on magnetic
media.
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7.2 Deck Gear lubsystom

Two updates are planned for dock gear that supports the XCTD
system. First, the capability to provide an independent back-up of
the raw data will be provided. As a goal, we seek to make the data
recorded to be indistinguishable in qualityfrom data collected,
recorded digitally, and processed in real time. The approach that we
are currently exploring makes use of a pilot tone frequency added to
the probe data for storage on analog tape. The pilot tone is
detected on tape playback and causes the probe frequencies to be
adjusted by the amount of tape speed error measured.

The second planned update is the replacement of the HP 85
computer with the family of IBM compatible computers. The newer,
faster, and enhanced graphics capabilities of the IBM compatibles will
enhance the user data return and permit second order corrections for
tho probe fall rate. Multiple MK9's may be controlled from the same
hust computer, allowing simultaneous drops of any of the family of
Sippican expendable probes.

7.3 Calibration Subsystem

A calibration subsystem is under development at Sinpican to
enable calibration of probes in quantities of 4000 unit per year.
Efforts are being concentrated in three areas.

I

The design of the calibration bath(s) is underway. Requirements
for the baths and necessary support equipment have been specified.

A strategy for traceability of temperature and conductivity
reference instruments to known standards is under development. We

I have elected to use conductivity instead of salinity as the standard
because of the difficulty in obtaining and storing large quantities of
sea water whose temperature, conductivity, and salinity relationship
is known (such as Sargasso Sea water).

Finally, the Calibration Data Entry Subsystem described in
section 7.1 is under development.

I!
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I 1.0 INTRODUCTION

Stppican under Contract N00014-82-C-0579 is developing an Expendable
Conductivity and Temperature probe (XCTD). Phase I of that contract, as defined
in Report R-1087A, encompasses the conceptual design and laboratory testing of

I terature and conductivity sensors and associated circuitry for the expendable
probe. This report describes the activities and results of Phase I of this

I contract. The report is an overall description of the XCTD probe and its
progrmes to date. A general description of the circuit operation, lab setup,

I calibration procedures, software and data formatting, transmission, detection
and processing is presented. The attained system accuracies, the sources of

Sinaccuracies and how they might be improved in the final configuration is also
presented. Descriptions of the model conductivity call, thermistor, and model
probe are included along with their performance test results. Finally, in the

F last section the remaining major design areas are outlined.

I-

1 1-
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2.0 EXPENDABLE, CONDUCTIVITY, TEMPERATURE, DEPTH (XCTD) SYSTEM

The XCTO System, as presently configured, is show in Figure 2.0-1. The

free falling XTD probe transmits tim multiplexed frequency modulated data up a

standard 39. gauge ST wire pair. The time multiplexed data consists of sequen-

t tial samples of conductivity, temperature and calibration data. The ST wire is

terminated at the hand, deck, or thru-hull launcher and interfaced to the

I Sippican MK-9 Recorder with an XCTD card set via the launcher cable. The MK9
Recorder demultiplexes the data samples and measures the frequency of the

I appropriate data samples. These data samples are transferred to the Hewlett
Packard 85 desk top computer where real time calibration data is compared to

Sinitial (time of manufacture) calibration data to determine any changes in gain

and offset of the electronics. These changes in gain and offset are used to
correct the real time conductivity and temperature data. The corrected data is
displayed on the HP85 display, printed on the printer and stored on the

cassette. The data reduction and display performed by the HP85 occurs almost

,J) simultaneously with the probes descent, so data is available very nearly real

time.I
The accuracy requirements for the XCTO system were defined in Sippican

I Report R-1087A as t 0.03 noho for conductivity and t 0.030C for temperature. An

initial assessment of sensor, electronics and processing errors resulted in the

[ following apportionment of allowable tolerances and errors.

Probe Deck Gear

Sensor Electronics Processing

Conductivity 0.01 miho 0.01 mmho 0.01 wnho
I emperature 0.o01C 0.o1C 0.010CSm

i1-
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IL.Il 2.0 EXPENDABLE, CODUCTIV!TY, TEMPERATURE, DEPTH (XCTD) SYSTEM4

The NCTD System, as presently configured, is shown in Figure 2.0-1. The

I free falling XTC probe transmits tim multiplexed frequency modulated data up a
Sstandard 39 gauge BT wire pair. The tim multiplexed data consists of sequen-

tial samples of conductivity, temperature and calibration data. The BT wire is
terminated at the hand, deck, or thru-hull launcher and interfaced to the

SSippican MK-9 Recorder with an XCTD card set via the launcher cable. The MK9
Recorder demultiplexes the data samples and measures the frequency of the

Sappropriate data samples. These data samples are transferred to the Hewlett
Packard 85 desk top computer where real time calibration data is compared to

[initial (time of manufacture) calibration data to determine any changes in gain
and offset of the electronics. These changes in gain and offset are used to

I - correct the real tim conductivity and temperature data. The corrected data is
displayed on the HP85 display, printed on the printer and stored on the
cassette. The data reduction and display performed by the HP85 occurs almost

. • simultaneously with the probes descent, so data is available very nearly real

tim.

The accuracy requirements for the XCTD system were defined in SippicanI Report R-1087A as t 0.03 umho for conductivity and t 0.03C for temperature. An
initial assessment of sensor, electronics and processing errors resulted in the

"I following apportionment of allowable tolerances and errors.

- Probe Deck Gear
Sensor Electronics Processing

Conductivvity 0.01 amho 0.01 mAho 0.01 NAho

F Temperature 0.01C 0.O111C 0.010C

PI
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I It is noted that the contributing errors are sutued directly to provide the
1 0.03 amo and a 0.03C total accuracy, rather than by the usual RMS method.

F This is to allow for worst case conditions with a preference to err on the safe

side.

I Preliminary analysis showed that for a suitable conductivity cell to be inter-
changeable, the dimensional accuracy required was not tolerable In an inexpen-
sive expendable. For examle, a tubular 3 or 4 electrode conductivity cell 8.0
" long by 0.1570 I.D. reqUires a * 0.000015 inch tolerance on its inside

Sdiameter in order to be accurate to t 0.01 mho. A similar case exists for the
temperature sensor In that a device accurate to 0.01*C costs more than our total

I material budget for the XCTD probe.

S The approach became to provide very stable resistor references in each probe and

at the time of manufacture to calibrate the performance of an Inexpensive but
stable conductivity cell and ar inexpensive but stable thermistor against the

very stable resistors contained in each probe. At the time of probe deployment,
the circuit performance with the reference resistors is compared to what it was
when the probe was calibrated.

f Any changes are calculated, and corrected for. This allows the accuracy of the
conductivity cell and thermistor to be orders of magnitude less than before.

[ The accuracy is obtained by factory calibration and stability.

S The small drawback of this system is that the initial calibration data that is

used to determine conductivity and temperature performance versus the reference
[ resistors is unique to each probe and must be available at the time of probe

deploymnt.

1-31
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II 2.1 XCT, Probe

A prototype XCTD probe assembly, as shown in Figure 2.0-2, is
Scomprised of a number of pirts similar to other Sippican probe parts. The zinc

nose provides a controlled rate of stable descent. The hole in the center pro-
S| vides water flow thru the glass tube of the conductivity cell. The electronicsI packages contain the batteries required for probe operation and the two printed

circuit boards. Both the batteries and the P.C. boards are potted to ensure
'water integrity. The two outer electrodes of the four electrode conductivity

i cll protrude through ýhe potting and are available to the outside water flow
via holes in the probe afterbody. The afterbody houses the probe spool andI attaches to the MBT canister spool. Both spools together contain approximtely
2sSO, meters of ST wire. This is sufficient for a 1,000 meter probe drop from aI ship traveling at 12 knots. This is based on a probe sampling increment of 1
meter.

2.2 XTO Probe Electronics

In Functional

A block diagram of the XCTD circuit is presented in Figure 2.0-3. The
basic function of the circuit is to sequentially measure the voltages across a

S high and low calibration resistors, a thermistor, and a conductivity cell, all
connected in series, convert the four voltages to proportionate frequencies andI transmit the frequencies as time multiplexed FM through a 2 conductor ST cable
to a surface receiver. The thermistor resistance varies with temperature and
the conductivity rall resistance varies with water conductivity. The key to an
accurate measurment is knowing the exact resistance of RHI and RLO and knowing
that they are stable with temperature and time. Vishay Type 5102 resistors
having a resistance tolerance of 1 .005% and a temperature coefficient of 1 part
per million per *C are used. The voltages across the thermistor RT and the con-

S ductivity cell Rd are therefore directly proportional to the voltages across
4t

Iv.-'1-4
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RHI and RLO since at any one time the current through all the resistors is the

si (assuming leakage and bias currents are zero). Using a balanced drive out-

put all four frequencies are transmitted approximately four times a second

through a 2 conductor BT cable to a surface receiver.

2.3 Operational

Referring again to the block diagram, the 1kHz oscillator is used to

generate a square wave signal, which serves three functions as follows:

1. To drive the resistor chain consisting of RS, RHI,, RT, RLO, and

Re. The signal is AC coupled through the capacitor C thus pro-

viding a good symetrical AC square wave.

2. To drive the divider which provides the channel address to the 4

channel differential multiplexer.

3. To drive the synchronous demodulator.

The AC voltages across RHI, RT, RLO, and R6 are sequentially sampled by the

differential miltiplexer. The output of the multiplexer drives the synchronous

demodulator, and the AC signal is converted to a DC signal of equal peak ampli-

tude. This DC signal is amplified by the Instrumentation amplifier, converted

to a proportional frequency by the VFC (Voltage to Frequency Converter) end

divided by two by the squarer for a 50% duty cycle square wave. Finally the

signal is fed to a balanced driver, which drives the line with voltages of oppo-

site polarity,, reversing the polarities each 1;2 cycle. This provides a very

large voltage swing which compensates for the heavy wire attenuation. Also, the

induced currents in the wire cancel each other thus minimizing circuit Inter-

ference since battery ground is also seawater ground via the conductivity cell

electrodes.

2-1
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2.4 Electrical

A detailed schematic is attached. The lkHz oscillator IC1 Is a multi-

I vibrator. The frequency stability requirements will be dictated by the data

receiving equipment and will be within the capabilities of IC1 - with the proper

Sselection of external components. The Q output drives the resistor chain RS,

RHI, RTRLO, and Rd. The Q output drives the divider chain 1C2, IC3, and IC4.

f Both the Q and Q outputs are also the commutating signal for the quad bilateral

switch IC6, which acts as the synchronous demodulator. A switch type demodula-

j tor, or commulator was used since it's response to changes in amplitude is fast

compared to traditional type peak detectors. The output of the dividers provide

I the channel address to the differential multiplexor. Since the dividing chain

divides the 1kHz oscillator signal by 120, the output of IC4 addresses each of

Ii the four channels for 60 ms each, thus the voltages across RHI, RT, RLO, and R6

are sampled for 60 ms each. The output of IC6 is fed to the differential input

of the instrumentation amplifier IC7, whose high common mode rejection elimina-

S ) tes any common mode voltages and provides a ground referenced positive output.

The gain is 10 and is determined by external pin connections. The output of the

amplifier is the input signal to the Voltage to Frequency Converter IC10 via the

low pass R/C filter comprised of the 2K resistor and lZf capacitor. This filter

i averages any ripple due to any imbalances (DC voltages) at the input to the dif-

ferential multiplexer. The output of IC1O is a frequency proportional to the
voltage input in the range of approximately 200 to 2200 hertz. The output fre-

quency does not have the desired 50% duty cycle, and Is thus squared by. the

divide by two circuit IC8. The resulting 100-1100 Hertz signal is AC coupled to

' a balanced driver output stage. When IC9, pin 12 is positive at about 6 volts,

1C9 pin 10 is negative at about -6 volts. Therefore, 1C9, pin 12, swings from 6

volts to -6 volts and 1C9, pin 10, is simultaneously swinging from -6 volts to 6

volts thus the total voltage swing is 4 x 6 or 24 volts.

2-
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1 2.5 P

The electronics is powered with four alkaline 9V batteries contained
within the probe and provide a total of *18V. The voltage is regulated down to

I *12 volts. The alkaline batteries can be expected to retain 70% of their origi-

nal capacity after two years if stored at temperatures less than 301C, and at
circuit current drains of approximately 30 ma are capable of powering the probe

throughout its descent. The major advantage in using. alkaline batteries is
their low cost. Activation of the probe electronics will be via three electro-

I des on the outside of the probe body. These electrodes will be commoned to cir-

cult ground, which is also seawater ground, upon contact with seawater. ThisIwill in effect pull the negative battery and the positive battery to circuit

ground, thus completing the power/ground circuit.

2-I
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3.0 SYSTEM OPERATION

13.1 Laboratory

I For the purposes of development testing of the electronics, conduc-

tivity cell, thermistor, and the accuracy demonstration of the final probe

configuration, the lab set up shown in Figure 3.0-1, was assembled. The XCTD.

circuit as described in Section 2 is shown in the center. Its inputs are

I *12VYC, RT or a thermistor, and Ra or a conductivity cell. The outputs are the
instrumentation amplifier output and the divide by two squarer and these are

I connected to the HP3455A voltmeter and the HP5316A counter, respectively. A

special interface circuit to properly gate the counter-to-measure time intervals

is included in the XCTD breadboard. This interface circuit is not part of the

normal probe electronics and its function will be included in XCTD deck gear.
An HP85 computer sequentially inputs data from the voltmeter and the counter via

an HPIB Interface bus and processes the data to determine temperature and con-
ductivity. Subsequently, temperature and conductivity is also input as measured

S -, with the Neil Brown Model CT III Calibration Standard via the RS-232 link. The

three seawater baths are mixed to provide three different levels of conductivity
- low, middle, and high. These three conductivities are used to calibrate the

conductivity cell. Similarly a microprocessor controlled temperature bath pro-
vides three levels of temperature to calibrate the thermistor. Both the tem-

peratures and conductivities are known by measuring with the Neil Brown
I Standard. Also, temperature and conductivity can be independently profiled by

varying the bath temperature and adding salt to the low conductivity bath,
t respectively.

3.2 XCTD Communication and Timing

The calibration temperature and conductivity data is contained both in

S the voltage and frequency outputs of the XCTD circuit. The data output is for-
matted as shown in Figure 4. In order to properly gate the counter, an inter-
face circuit was breadboarded to output a siagle pulse enveloping 2, 4, 6, 8, or
10 cycles (selectable) of each channce at a predetermined delay from the
beginning of each channel.1~. -... ~.--.-- ---3-1-
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This provided for the analysis of the relative marits of cycle averaging and

determlned the minimum wait required after .the beginning of each cycle to

account for settling time. The freqency bandwidths shown are approximate and

i son overlapping my have to be accounted for In the processing as a price for

thermistor and conductivity cell noninterchangeab1lity. The channel widths are

approximately 60 = wide resulting in a data rate of approximately four

i measurement sets per second. The counter and the voltmeter serve temporarily as

the XTD receiver and processor. Therefore, in order to masure as many as ten

I cycles after a delay and provide enough tim for the voltmeter or frequency

counter to make a conversion, the channel width was expanded to approximately

f one second each. The XCTD circuit is continuously and asynchronously outputting

the data in the order shown in Figure 3.0-2. The voltage across the 4000

r resistor RLO is sampled, amplified, and fed to the voltmeter while simulta-

neously being converted to a frequency followed by a pulse of width equal to a

predetermined number of cycles of the frequency, and fed to the counter after a

predetermined delay. The sam process follows with the conductivity cell (or Ra

resistance decade), the 4 Ka resistor RHI and the thermistor (or RT resistance

I - decade). Upon a command from the operator the HP8S computer continuously

addresses the counter and the voltmeter and looks for the Low Cal frequency.
I The frequency is determined from the pulse width knowing the cycle count (2, 4,

6, 8 or 10). Once found the frequency is stored for subsequent use. The con-

Sductivity channel is expected next, followed by the High Cal and Temperature

channels. If these channels are not found in the correct order the computer

Ii deletes all previous channel information and begins another search for the Low

Cal channel. All accepted frequencies are followed imediately by the storage

of voltage data. Once the computer has received all four channels of data it

proceeds with the processing of the data. Signal attenuation is shown graphi-

y cally in Figure 3.0-3. The maximum frequency is approximately 1 kHz which is

attenuated by 57 dB for 8S00 ft. of wire. The outpLt signal from the probe is

approximately 12 VMS. This results in a minimm signal at the surface of

0.017VRMS. At 100 Hz the surface signal amplitude is attenuated by approx. 18

dB and results in a 1.5 -RMS signal.

3-2
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S 3.3 Caliration Md Tet Roit-w-s

I In order for the XTD probe to make an accurate masurement of conduc-
tivity and tmperature the characteristics of both the conductivity cell and the
thermistor must be determined. These characteristics are determined by actually
measuring the cell's and thermistor's In-circuit response under known conditions
of conductivity and temperature. Effectively this is determining the measured
resistance of the cell and thermistor at three discrete values of conductivity

I and temperature, respectively. To date, conductivity and temperature calibra-
tions, and consequently, actual measurement profiles have been taken with one of

I the sensors simulated with a resistance decade box. During Phase II both salI-
nity and temperature will be changed simultaneously in a controlled bath during
calibration and testing of deployable units. The required setting of RT is
known approximately from previous tests or manufacturer's data for the ther-
mistor. The same holds true for Rd knowing the approximate cell constant.
Therefore, the calibration procedure, under program direction, involves the
acquisition of extra temperature *or condu,:tivity data, ie. Low Cal,

js Conductivity, High Cal, Temperature, at three different levels. Once acquired,
temperature (conductivity) can now be profiled by varying the temperature
(conductivity) of the temperature (seawater) bath, while varying or holding
constant the Rd(RT) ' :ade box. During both the calibration and measurement
phases, meesurement4 are continuously received from the Neil Brown Standard.
The accuracy of the Neil Brown Standard is :tO.005C for temperature and *O.005
- mho/cm for conductivity. The measurements received during the calibration are
stored by the computer and are incorporated in the calculations during the

measure phase. The measurements received during the measure phase are used for
comparison purposes only.

3.4 Data Processing and Software

The HP85 is the ce .i component on the recei ving end. of the XCTO

system in the lab configuration, and its functions are to:

0 3-1I
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Rein,* Manage calibrate and measure operations

* Input temerature and conductivity as measured ty the NeI Brown

Standard

* Input time interval data from the counter and convert to a frequency

* Input voltage data from the voltmeterI,
e Generate the circuit transfer function before each calibrate and

measure cycle

* Calculate thermistor and conductivity cell sensitivities from

calibration data

* Calculate actual conductivity and temperature based on miasure-

ment data and thermistor and conductivity cell sensitivities

* Provide a printout of:

Temperature and Conductivity as measured by the standard

during calibration and in situ measurements

Voltage and frequencies as measured during calibration
and In situ measurements

F. Resulting XCTD in situ temperature and Conductivity measurements

3.4.1 Initialization

A flow diagram of the software program is shown in Figure 3.0o-3,A-0.

The program begins with the initialization of the interfaces as required by the At

3-4
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HPSS and/or instrumnts. The Neil Brown Standard uses an RS-232 data links

which requires the setting of certain control bits. The counter requires

trigger polarities, gate, and mode settings and the voltmeter requires scale and

mode settings.

3.4.2 Calibration

Following the instrument Initializations the program requests a low,

middle, or high calibration run and the XCTD and Nell Brown Probes are imersed

in the low/middle/high bath. If simultaneous temperature and conductivity

calibrations are being made, no decade box is required. When ready, required

calibration level Is input to the computer and the computer inputs the XCTD

data, followed immediately by the calculation of R vs F and R vs V circuit

transfer functions as determined from the RHI and RLO resistors and their

resulting frequencies and voltages. This is shown graphically in Figure 3.0-4

along with the circuit transfer function. For simplification only frequencies

will be used in the following descriptions, but voltages can be directly substi-

tuted for the frequencies. The applicable variables used in Figure 6 are

defined as follows:

RCH. FRCH ... Cal High resistor (*4K, ±0.005%)
and resulting output frequency.

RCL, FRCL ... Cal Low resistor (-400a, ±0.005%)
and resulting output frequency

R, F ........ Calculated resistance R as determined

from the measured frequency F

The circuit transfer function is derived for every calibration or

measure cycle, thus compensating for any circuit variations such as amplifier

gain,, offset, drift, power supply fluctuation, etc. Next the program calculates

3-ms
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r
the thermistor and conductivity cell resistances using the transfer function and
the masured tmperature and conductivity frequencies. The process is repeated

- for the remaining two calibration levels. This now introduces the remaining
I variables in Figure 6 as:

FRTCH' RTCH ..* Frequency of temperature channel at
-I Cal High and. resulting calculated resistanc2

FRTCS, RTCS ... At Cal Middle

FRTCL, RTCL ... At Cal Low

FRSCH, RaCH ... Frequency of conductivity channel at Cal High

f: and resulting calculated resistance

j FRSCS, RaCS ... At Cal Middle

I FR6CL, RSL .. At Cal Low

As a result of all the foregoing measurements each individual XCTD

probe has now been "characterized" and with the thermistor and conductivity cell

sensitivities assumed stable over time the following parameters are assumed

never to change:

TCH, RTCH

TCS, RTCS

TCL, RTCL

8CH 1 Rk4H

aCS. RaCS

6CL, RdCL

3-6
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I The final process at each calibration level is a printout of actual
temperatures and conductivities and corresponding voltages and frequencies. AI sample calibration phase printout is presented In Figure 3.0-5. In suimmary, the
calibration phase of the operation Is to determine the temperature andI corresponding calculated resistance and the conductivity and the corresponding

calculated resistance at three different calibration levels. These parameters

are stored permanently as probe characterizing data.

3.4.3 Pre-Lab Measurement

After the calibration phase the program is ready to initiate a
measurement. Referring again to the flow diagram in Figure 3.0-3 the original
calibration (or characterizing) data is used in the generation of pre-launch
equations. This is shown graphically in Figure 3.0-6 the pre-launch equations
are curve fitting equations, which use the probe characterizing data to generate
functions of temperature and conductivity In terms of resistance. These
equations are fixed for the life of the probe. Therefore, after the generation
of the two equations the XCTD is ready to make measurements. At this point the

Ivariable temperature arid/or conductivity bath(s) are prepared. If only tem-
perature (conductivity) is to be profiled, the Rj TR) decade box must be used

tu simulate the conductivity cell (thermistor).

1 3.4.4 Lab Measurement,

A measurement begins on commnand from the operator. If the RT (R~s)
decade box is used, the Low, Mid, and High Cal temperature (conductivity) will

3-7
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have to be input manually to satisfy the software requirements, while conduc

tivity (temperature) data is received from the Nell Brow Standard. If simulta-

neous calibrations of temperature and conductivity were made, the measurements

can be performed in the sam manner and without the use of a decade box. The

lab measurement begins with received data from the XCTD, followed limediately by

I the generation of the circuit transfer function using FRCH and FRCL measurements

just as during calibration. Once the circuit transfer function is known the

thermistor (or RT) and conductivity cell (or Rd) resistances are calculated as

RT4 and RdI, respectively. Next, the pre-launch equations are used to calculate

[ the temperature and conductivity TM and N,, respectively. Finally, the data

from the Neil Brown Standard is received and a printout of the actual and

•I measured temperatures and conductivities along with frequencies and voltages is

printed. A sample measure printout is presented in Figure 3.0-7. This is for

lab measurements only when conductivity and temperature errors are being

measured.

3.5 Summary

Figure 3.0-8 is a block diagram summarizing the whole calibration and

measurement process. The first step is to generate three discrete temperatures
and conductivities and calculate their respective resistances via the R/F

(resistance to frequency) transfer function, which is generated at every cal

point: These six data pairs characterize the probe and are used to generate the

pre-launch equations. The pre-launch equations are curve fitting equations,

although to date a linear equation has been used for conductivity with good

results. This equation utilizes only High and Low conductivity calibration
data. Following pre-launch the probe is ready for the lab measurements and as

shown in the block diagram, the transfer function is first calculated for each

P measurement followed immediately by the determination of the temperature and

conductivity sensor's resistances. Finally, utilizing the pre-launch equations

the temperature and conductivity is calculated.

3-8
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4.0 SYSTEM ERROR ALLOCATIONS

As mntioned previously the errors have been proportioned to three areas as

follows:

1. Conductl vity/Temerature
2. Probe Processing Electronics

3. MK 9 Data Recorder

Each catagory is allowed a mximum error of 0.011C and 0.01 wmhos/cm.

4.1 Sensor Error Contribution

Sensor error contributions have been analyzed separately in terms of
accuracy and stability. Each show the ability to meet or exceed the maximum
allowable error.

4.1.1 Conductivity Sensor Error Contribution

The conductivity sensor or cell is a linear device with a measured
cell constant of approximately 37.5/CM. The cell is a four electrode device,
therefore, its stability is influenced only by the internal volume and not the
electrodes. The volume can be changed in only two ways: Buildup of film within
the walls of the cell and changes in volume due to expansion or contraction of
the cell due to temperature changes. The coefficient of expansion is
32 X I07 in/inOC. Therefore cell constant changes which are per

K aL/A

for this type of cell are equivalent to that which produces approximately a 0.001
mmho error over 601C of temperature change. Buildup of film within the cell
would not occur since the cell is intended to be used only once and no contact
with fluids are made following calibration at the factory until deployment.

4-1
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4.1.2 Temperature Sensor Error Contribution

The temperature sensor is a glass encapsulated thermistor whose long
term stability is dependent on II's operating current and environmental exposure.
The operating current is very small (approximately 43 microamperes) and is of
course zero while in storage. Therefore, how well the thermistor is sealed in
the glass over a long period will have the most influence on the thermistor's
long term stability. During the years 1974 to 197S the National Bureau of
Standards tested 406 thermistors from 6 manufacturers. The bead in glass ther-
mistors, which is the type selected for the XCTD application, exibited only a
0.000421C per 100 days average drift in a constant 600C temperature bath. This
is equivalent to a temperature drift of O.003eC in two years. Specifically, the

Thermometrics thermistors showed a 0.000200C per 100 days temperature drift,

which is equivalent at approximately 0.0011C in two years. Theref ore, the

0.011C allowable error will be attributable mostly to linearizing errors.

Linearizing is performed in the MK 9 software using the three temperature

calibration points and is accurate to better than 0.01*C over the temperature

range. Self heating due to operating current is also well below the allotted

sensor accuracy as described in Section 7.0.

4.2 Probe Processing Electronics

Overall circuit accuracy, independent of the thermistor and conduc-
tivity cell was determined. The test was performed both imediately and using
the sawe characterization data, three days after calibration. Both decade boxes
were used to simulate tho sensors during the calibration and measure phases.
The conductivity decade was varied according to the following relationship:

Ala i(K) x 1000

4-2
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Where K - 35.7 cm"A is the cell constant,, 3 is equivalent conductivity in
nmhos/cm and R3 is resistance in ohms. The temperature decade was varied during
calibration but held constant during measure to investigate the magnitude of
change due to varying conductivity. A three point calibration was performed for
both temperature and conductivity to satisfy software requirements but only high
and low cal data was used in the conductivity pre-launch equation. All results
were based on output voltage measurements rather than frequency due to the rela-
tive non-linearity of the Voltage to Frequency Converter. Table I shows the
resulting equivalent conductivity errors over a range of 20 to 75 umhos/cm. The
largest error. occured at 65 mmhos/cr and is 0.006 nmhoc '-n. The equivalent
temperature variation over the whole range of conductivity was 0.003*C. Three
days later the same test was run using the same characterizing data,. te., the

calibration phase was not repeated. These results are also presented in Table I.

4.3 MK 9 DATA RECORDER XCTD INTERFACE

The XCTO interface in the MK 9 Data Recorder will be allotted one third of

the overall system accuracy. The inaccuracies will be directly dependent on the
inaccuracies of the system clock and jitter in the detector circuitry in the

analog receiver section.

4-3



R-1259 Sippican Ocean System, Inc.

TABLE !

OVERALL SYSTEM ACCURACY

RT Rd TM 4M1 4E1 4M2 OE2
"C "rtoocl a IF Nm'o/cm who/cu ''ho/cm mho/cM

2.0035 217.0 20.000 1785.0
15.0005 1243.0 50.000 714.0 Calibration Phase. T is from measured data.

29.9895 686.0 75.000 476.0

2.0035 2174.0 20.000 1785.0 2.004 20.000 0.000 20.000 0.000

I I 25.000 1428.0 2.003 25.000 0.000 24.998 -0.002
i I 30.000 1190.0 2.003 30.001 0.001 29.999 -0.001

i i 35.000 1020.0 2.002 35.001 0.001 34.999 -0.001

40.000 892.5 2.002 40.000 0.000 40.001 -0.001

I I 45.000 793.3 2.002 45.002 0.002 44.999 -0.001

SO.000 714.0 2.002 50.003 0.003 50.000 0.000

I 55.000 649.1 2.002 55.001 0.001 54.998 -0.002

i I 60.000 595.0 2.002 60.001 0.001 60.000 0.000
I I 65.000 549.2 2.002 65.006 0.006 64.996 -0.004
I I 70.000 510.0 2.001 70.004 0.004 69.998 -0.002

' 75.000 476.0 2.001 75.003 0.003 75.002 0.002

T... Equivalent temperature in QC as obtained from typical thermistor sensitivity

data (decade box set at 2174 ohms during measure phase to represent 2.0035*C).

RT.........decade resistance simulating T

8..........equIvalent conductivity at Rd

R6........ decade resistance simulating a
TN........ resulting equivalent temperature
5M1,8E 1 ... resulting equivalent conductivity and error, day 1.

6M2,4 - resulting equivalent conductivity and error, day 4.

I
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5.0 CIRCUIT STABILITY

Circuit stability was determined by independently varying amplifier gain
and offset after the initial calibration phase. Resistance decade boxes were
used in place of the sensors as in Section 3. Table 11 shows the results of
varying the gain from the nominal of 15 to 10 and then to 20. The top of Table
11 shows the absolute readings at three different conductivities and tern-
peratures. Circuit calibration was performed at a gain of. 15 in this case,
followed by measurements at the three different gain settings. The middle of
Table 11 shows the absolute error as a result of the gain variation from nominal.
Finally, the bottom of Table II shows the deviation of conductivity and tem-
perature as a result of varying the gain from its nominal value. The results
show that with only two exceptions the errors due to a gain change were less
than 0.01 mmhos/cm and 0.01'C. A similar test was performed to determine
variation with circuit offset. Table III shows the results in a format similar
to that used in Table 11. Here, calibration was performed at an offset of 0.0
volts and measurements were made at an adjusted offset of 0.30 volts and -0.30
volts. The results show that with only a few exceptions the error is less than
0.01 minhos/cm and 0.014C. Considering that the offset and gain were varied
approximately 30 times greater than would be expected over the temperature range
these errors are very conservative.
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TABLE II

CIRCUIT GAIN STABILITY

GAIN dL-20 Tu-45 H-65 TL-2- 004 TS-15.001 TH-29.989

10 19.996 44.984 65.019 2.005 15.000 29.982
15 19.999 44.987 64.990 2.003 14.999 29.987
20 19.996 44.981 64.981 1.998 14.981 29.986

ERROR

10 0.004 0.016 -0.019 -0.001 0.001 0.007
15 0.001 0.013 0.010 0.001 0.002 0.002
20 0.004 0.019 0.019 0.006 0.020 0.003

DEVIATION

10 -0.003 0.003 -0.029 -0.002 -0.001 0.005
15 0 0 0 0 0 0
20 -0.003 0.006 0.009 0.005 0.018 0.001

8 is in mmhos/cm

T is in 'C

5-2
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!--,

TABLE III

j" CIRCUIT OFFSET STABILITY

OFFSET SL-20 aS-45 6-65 TL-2. 0 0 4  TS'15.001 TH-29.989

0.30 19.998 44.995 65.005 1.998 15.000 29.991

0 20.001 44.991 65.002 2.004 15.001 29.987
-0.30 19.998 44.978 64.972 2.003 14.999 29.978

ERROR

0.30 0.002 0.005 -0.005 0.006 0.0012 -0.002
- 0 -0.001 0.009 -0.002 0.000 0.000 0.002

-0.30 0.002 0.022 0.028 0.001 0.002 0.011

DEVIATION

0.030 0.003 -0.004 -0.003 0.006 0.001 -0.004
0 0 0 0 0 0 0

-0.30 0.003 0.013 0.03 0.001 0.002 0.009

8 is in nunhos/cm

T Is-in *C

5-3
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I 6.0 SYSTEM MEASUREMENT ACCURACY

During the course of the XCTD circuit development a number of both tern-
" ~perature and conductivity profiles were made to determine the relative accuracy

of each. At no time were conductivity and temperature simultaneously profiled
but a reasonable approximation was made by simulating one of the sensors with a
resistance decade.

6. odutvt
Using the laboratory procedures described in Section 3 measurements of

temperature and conductivity were individually made and accuracies based on the
Neil Brown-Standard were determined. Table IV shows the results of a measure-
ment made in one time period, ie., Immediately following the calibration phase.
All the measurements were made in approximately a two hour period. Temperature
was simulated with a decade box while conductivity was a real medsurement.
During the conductivity profile the decade box resistance was held constant at
that resistance representing 2.000 C. Two outputs, frequency and voltage, are
listed and the conductivity accuracies as a result of each are also included.
The conductivity range was from approximately 20 to 75 nuihos/cm.

6.2 Temperature

A temperature profile was generated over a temperature range of
~ approximately 20C to 30*C. Calibration data was simultaneously taken during the

profiling procedure at low, mid (150C), and high temperature. A decade box
substituted for conductivity during the procedure and was held constant during
the entire profile. Table V lists the results of the test.

Iv-) 6-1
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[ TABLE IV

CONDUCTIVITY ACCURACY TEST

anb 'lilymi Ev Ef

a 20.912 20.913 20.920 -. 001 -. 008

VI 27.576 27.581 27.596 -. 005 -. 020

34.008 34.016 34.017 -. 008 -. 009

S40.244 40.254 40.259 -. 010 -. 015
46.295 46.300 46.274 -. 005 -. 021

f 52.150 52.159 52.148 -. 009 +.002

57.850 57.862 57.840 -. 012 +.010

63.457 63.470 63.452 -. 013 +.005

68.759 68.771 68.750 -. 012 +.009

anb.....Conductivity as measured by the Neil Brown Standard.
Units are in muhos/cm.

$.......Conductivity as measured by the XCTD as per voltage
measurements. Units are in mmhos/cm.I-

a,,f.....Conducttvity as measured by the XCTD as per frequency
measurements. Units are in mmhos/cm.

Ev ..... Resulting error per voltage measurements in mmhos/cm.

Ef ..... Resulting error per frequency measurements in mmhos/cm.

6-2
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ShTABLE V

I TEMPERATURE ACCURACY TEST

Tnb Tmv Tf Ev Ef

0.0 0.0607
2.0105 2.006 2.007 0.005 0.004
4.0025 3.999 4.001 0.004 0.002
6.0020 5.997 5.997 0.005 0.0051 8.0045 8.001 8.002 0.004 0.003

10.0030 9.996 9.999 0.007 0.004
12.0045 12.002 12.004 0.003 0.001
14.0040 14.000 14.000 0.004 0.004
16.0030 15.997 15.999 0.006 0.004
18.0025 17.998 17.999 0.005 0.004
20.0010 19.996 19.997 0.005 0.004
22.0010 21.997 21.998 0.004 0.003

; 24.0000 23.995 23.995 0.005 0.005
L 25.9980 25.993 25.994 0.005 0.004

S27.9955 27.991 27.993 0.005 0.003

1 29.9930 29.989 29.989 0.004 0.004

j Tnb ..... Temperature as measured by the Neil Brown Standard.
Units are in *C.

Tmvy.....Telmperature as measured by the XCTD as per voltage
measurements. Units are in C.

Tf ..... Temperature as measured by the XCTD as per frequency
measurements. Units are in *C.

I Ev ..... Resulting error per voltage measurements in *C.

Ef ..... Resulting error per frequency measurements in t.

Ii. 6-3
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7.0 THERMISTOR TYPE

Two thermistors, a Fenwal1 type GB31M2 and a Thermometrics type P20BA102M,

Swere used in the cab tests. Both thermistors arm glass encapsulated noninter-
changeable devices with tolerances specified at t20% from the nominal resistance

Sof 1K at 254C. The Thermometrics thermistor was used in the test which produced
the data shown in Table V, page 6-3. A linearization equation and three point

Scalibration Is used to obtain the specified accuracies. The time constant,
which is the time required for the thermistor to change its own temperature 63%

of the way from its original value to the value impressed upon it in a step

I change, was experimentally found to be 200 maec for the Fenwall type and 20 msec

for the Thermometrics type. Figure 7.0-1 shows a scope trace of the response of

I the Thermametrics thermistor. The thermistor was taken from air temperature,
the THigh reference line on the trace, and plunged into a temperature bath at

j 2.300C, the TLow reference line. The T63% line is the 63% point mentioned
1 above. The stability of the thermistors is Insured by the glass encapsulation

* as described in Section 4.1.2. Both thermistors meet the stability require-
ments, and with the smaller time constant, the thermometrics thermistor also

i meets the required speed. A time constant of 20 msec means that in 5 time
constants or approximately 100 msec, a step change in temperature is fully
sensed by the thermistor.t

The self heating of the thermistors were experimentally found to be
j approximately .002*C for the Fenwall type and .005C for the thermometrics type.

The above values, which refer to worst case conditions (lowest temperature and

Shighest resistance), are below the allotted sensor accuracy. The current
through. the thermistor, approximately 431A, is relatively small. The typical
amount of power across the thermistor will be approximately 2uW and around that
power range the self heating for the thermometrics thermistor is approximately
.0020. The Fenwall thermittor, which has a diameter of .060," and the

I Thermometrics thermistor, with a diameter of .020" will both be tested more
extensively for accuracy and overall applicability in Phase II. =

fr' 7-1
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8.0 CONDUCTIVITY CELL

The conductivity cell is of the four electrode type utilizing a Pyrex glass

tube and platinized platinum electrodes. The cell configuration as advised by
Netl Brown of Neil Brown Instruments, Inc. is pictured in Figure 8.0-1.

8.1 Configuration

The pyrex glass tube is approximately 8 inches in length with an I.D.
of 0.157 inches and an O.D. of 0.24 inches. Inside the tube at its midpoint is
a current electrode C1 and a voltage electrode V1. The remaining current
electrode C2 and voltage electrode V2 are outside the cell. They will consist
of wires within a protected flooded chamber within the probe body. The cell
will reside at the center of the probe along its axis surrounded by the wire
spool and electronics. During deployment water will enter the cell through an
opening in the zinc nose and exit at the tail with the dereeling wire.

8.2 Operation

A schematic representation of the conductivity cell is shown in Figure
8.0-2. The cell functions as a four terminal resistor where a constant ampli-

tude current AC square wave Is applied to C1 and C2. The polarization impedan-
ces Z2 and Z4, which are a result of chemical reactions as the electrodes have
no effect on the measurements since the voltage terminals are connected to a
high impedance device. Similarly Z1 and Z2 have no effect since they are not
part of the measurement circuit. Impedances R1 and R2 are the effective
resistances of the seawater between the current e!ectrodes and the voltage
electrodes and are also not part of the measurement circuit. Therefore, this
four electrode configuration is capable of accurately measuring the resistance
of the seawater Rd independent of any unwanted series resistances.

8-1



3 -119Slppican Ocean Systems* Inc.

I ~G=AS TUHE

Mo WWPLATINIZE PIMTMIZ
SECTON PLATI11614

VQLrAGE

PUTINtZ8
PLATINUM

YrTT rmnunrr~vT~y m~

FIGURE 8.0-ij



C2 V2

cl £ý. McUrRI asmCR fl-Z4.. .POWRIZATTON IIPPMANCES
VIV2.. VOLTArc EUMMES RL,.z.k... sTxMa REISIUR:r MTQDE

TO TRAT POINT IN SEAVATEt
MMS VOLTAGE IS OWAURM

R .RESISTARM CMNUCTIVTy CELL

(4~ U.ETRE CONFIGURATtON)

FIGURE 8.0-2



R-;259 Sippican Ocean Systems, Inc.

8.3 Electrode Platinization

The electrodes used in the conductivity call are made of solid plati-
I num. Platinum is a noble metal, and therefore, is ideal in a saltwater environ-
I ment, but its cost Is very high and warrants efficient utilization. Electrodes

also require a large surface area to be effective in passing an AC signal with
Ithe minimum of loss. This is equivalent to a large effective series capacitance

in series with the seawater resistance. Therefore, in order to increase surface
area without adding material, the electrodes are platinized using a solution of

f 0.3% platinum chloride and 0.025% lead acetate in water. This create's a coating
of platinum black which is extremely porous and increases the effective surface

Iarea of the electrodes. The electrodes are limmersed in the platinizing solution
and a small DC current is allowed to flow alternately between them at fifteen to

I twenty second intervals. Alternatively, both electrodes can be platinized
simultaneously without current reversal by limmersing both electrodes in the

- solution with a third electrode, which Is made of stainless steel, nickel, or
I ' platinum. The third electrode would be the positive terminal. The platinizing

continues until a uniform black matte finish appears and usually takes Just a
few minutes depending on the current density.

I: 8-2
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U-N 90RMNIGDESIGN AREAS

There are two subsystem design functions that must be addressed. These are
probe characterization or calibration data storage and custom LSI technology
conversion of the probe electronics.

1. 9.1 Calibration Data Storaoe

All XTD probes are characterized with 6 pairs of calibration data.
These are comprised of three pairs of temperature vs. frequency and three palirs

of conductivity vs. frequency data. This data can be stored on cassette tape,
which would be packaged one in each case of 12 probes. The tape would contain
not only the calibration data but would provide the storage medium for the
measured data. Another approach would be to use a bar code,, which would be
printed on each probe canister and provide an "intelligent" launcher or launcher

modification kit, which would automatically read calibration data prior to
launching of the probe. Another approach is an expendable prom or magnetic card

I) which could be implemented in the MK9 processor. One prom or card would be
supplied with each case of XCTD probes. For the present,, system calibration
data will be entered via the HP8S keyboard by the operator just prior to
launching of the XCTD probe. The calibration data will be supplied with each

I probe.

V 9.2 Custom LSI Integrated Circuit

F The XTO circuit can be converted to a single custom integrated cir-
cuit. The circuit can be broken down into a number of functions, i.e., basicItiming,, imultiplexing, voltage to frequency conversion, etc., all of which can be

functionally incorporated on a single wafer containing analog and digital cir-Fcuitry. The larger timing capacitors would be external to the custom I.C. In
large quantities customizing of the circuit would reduce costs both in hardware
and in assembly and test.

1 9-1
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!-.>
10.0 ALTERNATIVE APPROACHES

Sippican has considered various alternative approaches to the Conductivity
measurement problem. These approaches have been attempted previously by the
named authors. Only a few though show any adaptability to expendables. They

[ are:

1. Concentric cylinders, one containing standard seawater

and the other sample seawater.

Lawrence C. Murdock

Westinghouse Electric Corp.

2. Free falling probe containing a chamber with a small opening
to admit seawater. Inner and outer electrodes are used to

I _) measure the conductivity.

StMichael C. Gregg
S. Cox

i
"United States of America as represented

Sby the Secretary of the Navy

3. Four electrode conductivity sensor for moored sensor chains.

Robert 8. Sudar

Edward L. Lewis

-Albert W. Koppel

Canadian Patents & Dev. Ltd.

10-1
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4. Saine, delay line.

Albert Benjaminson

Ocean Search, Inc.

5. Dual needle conductivity cell.

Arthur M. Pederson

Applied Physics Laboratory

The first three approaches named above are mechanically complex and would
be expensive for an expendable. The saline delay line while appearing simple
enough mechanically, does not lend itself to a simple self calibrated circuit.
The thermistor, which must work with the conductivity cell is a resistive sen-

I ' sor. It is desirable then to have a conductivity cell which is also resistive.
A resistance measurement is the easiest, and therefore, least expensive to

implement. The dual needle approach by Pederson is a resistive sensor, but it
is not a four electrode configuration. This sensor is designed for use in a
stratified tank as a reference sensor. The stability of a two electrode cell is
not at all good since polarization resistance and changes thereof cannot be

calibrated out in an expendable in a -practical manner. The cell must be stal
I and the sensitivities independent of polarization resistance. This is achievedI. only in a four electrode cell. The cell which Sippican has built and tested

under the consultation of Neil Brown of Neil Brown Instruments, Inc., has to
date demonstrated the capability of being constructed at a relatively low cost,

S shown repeatability in measurements, is resistive, and is expected to be stable
since it uses four electrodes which are only immersed during calibration and

I deployment.

II 10-2
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11.0 COST

A material breakdown of the XCTD components, manufacturing cost and

calibration/test has yielded a sell price, based on 5,000 manufactured

units/year, of $180.00 each.

12.0 SCHEDULE

Attached is a schedule which shows past and future development and manu-

facturing milestones for both the XCT1 and deckgear program.

7 , al
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1. INTRODUCTION

on September 12 and November 19, 1987, the XCTD Program
held 2 sea tests off the coast of Bermuda* These tests were
conducted out of the Bermuda Biological Station aboard the R/Vf ~Weatherbi rd.

The following report describes the equipment# set-ups
and procedures for all pre, during and post test relatedI- ativiies. This report documents our accumulated knowledge
about the necessary procedures for producing XCTDs.

1I. SYSTEM CONFIGURATION

A. PROBE COiNFIGURATION

fThe Top Drawing List for the XCTD Probe is Drawing No.
302581, Rev 2.

1. MECHANICAL

Mechanically the XCTD probe is built almost as called
out by the Top Drawing List. Those changes that have been
made are for isolation of the zinc nose from the conductivity
cell. The ground strap has been removed and the conductivity
cell assembly changes are described below:

a) the two inner electrodes were fastened to the
conductivity cell with a cyanoacrylate adhesive
instead of the former heat shrink tubing approach.
This procedure was used due to the fact that a
suitable non-adhesive heat shrink tubing has not
been found.

b) the thermistor was inserted through one of the
inner electrodes Instead of through its own hole in
the glass. This step was Incorporated to reduce
manufacturing costs associated with glass drilling.

2. ELECTRICAL

The circuit used in the probe corresponded to Schematic
303155 Rev. 8 (see Appendix). The safihe electrical con-
figuration was employed in the September and November Sea
Tests.

The major difference between this electrical
configuration and any former configuration was the



II multiplexing scheme of sampling/transmitting to eliminate the
presumed interaction between the BT wire signal and the
conductivity cell. The probe was modified to sample data from
the sensors for 32 macc and then transmit this data as a
frequency during the next 32 mmcc. This was accomplished by
disabling the V/F during sampling and forcInq the drivers toI: the positive or negative rail, which ever is closest to the DC
value of the signal during transmission.

[ Two other changes included in this revision are a high
pass filter after amplification and the addition of two
resistors to ground between the conductivity cell capacitors
and the multiplexor to dissipate the common mode and
differential bias currents.

Be DECK GEAR CONFIGURATION

1. SEPTEMBER SEA TEST

The deck gear used in September most closely resembles
the latest version of the Neil Brown Board, Drawing #302955
Rev 1. For this test several hardware changes not Included in
the schematic were made to accommodate the pulsed transmission
of the probe. A marked up version of this schematic is
included in the Appendix. These changes were as follows:

a) The clock frequency was increased from 1.5 MHz to
3.0 MHz by using the UJ30 pin 6 output instead ofI pin 9.

b) The Low Frequency Detector was modified to
asynchronously load into the U27 counter 129

instead of 156.

I *Note: For completely unknown reasons loading 128
[into this counter causes the CO/ZD to

intermittently occur. Just don't try to load 128
into this counter.

Also the U24 0output was tied to the U27 Cl/CE
(formerly tied to ground) to prevent U27 from
producing additional CO/ZDs after the first CO/ZD.

The W3 jumper was located at D.

c) The 60 msec Clock circuitry was altered to make
it a 62.8 msec Clock. This was done by changing the
number loaded into the U28 counter to 184 for

j LOCAL, CORD *HICAL and 136 for TEMP.
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d) The Period Counter was modified to count 2 periods.
This was done by connecting U20 pin 7 across the W1
Jumper. U20 pin 10 was used to initiate the BUSY

signal (formerly done by pin 9).

IFor the November sea test the deck gear was. redesigned
to eliminate the attribute of looking for and syncronizing on
the LOCAL frequency (see Schematic I). Since the ordering of
the frequencies for data reduction Is done at a higher level
(in the computer)# any checking for order at a lower level is
redundant and in the event of not recognizing LOCAL wasteful
since it prevents the acquisition of the following three
frequencies. The deck gear was therefor redesigned to
recognize frequencies and quiet times, and whenever a
frequency is present, count it.

The schematic for' the redesigned deck gear is included

in the Appendix of this document.

3. ANALOG TAPE DATA ACQUISITION

j a) SEPTEMBER SEA TEST

Output for the analog tape data was taken after the
* ~pre-amp and high arnd low pass filters at the front of the Neil

Brown deck gear. This point was hard wired to an available
V output at the back of the MK9. From there it was cabled to
*two tape recorders and recorded simultaneously on both

machines.

b) NOVEMBER SEA TEST

On the redesigned deck gear the analog signal was taken
immediately after the isolation amplifier. This signal was
put through a buffer and hard wired to an available output at
the back of the MK9 recorder. From there it was cabled to a
single tape recorder Input.

C.SOFTWARE REVISION

A few revisions were made to the software to compliment
the deck gear hardware changes:

With the increase in clock frequency and changing of the
number of periods for which the probe frequency is counted,F the formula to convert the number latched to freauency becomes

frequency *6000000 /number latched



iir
The frequency range for LOCAL was modified to be 200 to

350 Hz.

The addition of the two resistors.to ground between the
conductivity cell capacitors and the multiplexor form a
parallel resistance to the conductivity cell that has to be
removed in the software. The algorithm to do this is part of
all the programs on the VAX and the test proorams used by the

I B .P85.
One additional software change was made just for the

November sea test because of a problem encountered on the
September sea test. The MK9RV3 program was modified so that
if the IEEE data transfer is interupted, any data already
obtained is saved.

III. PROBE BUILD AND QUALITY CONTROL

fi A. PROBE ASSEMBLY PROCEDURE

The assembly of the probes was the same for the
S•-September and November batches.

The boards were loaded by Lisa and Charlene in the
Engineering Lab and tested with very little fall out (seeI Section IIIB). A small cut in one of the lands and two jumpers
were required on each board due to an engineering and drafting
error. This fix was done during loading.

Batteries were assembled and potted in the Engineering
Lab. Four 6V batteries were soldered in series to provide
+12V, -12V and common. They were then potted in a form that
would allow for easy insertion into the battery cavity in the
zinc nose and a thru-hole for the conductivity cell. Out of 28
unpotted battery assemblies, three sets failed before pottinq,
and another three failed after potting. The three unpotted
units could be made to work by vigorous twisting and pulling
of the wires. The three potted units indicated open circuits
in one of the legs of the bipolar supply.

Assembly of the conductivity cell was done in the lab.
The electrodes were cemented to the cell quickly and without
problems. Inserting the thermistors into the tiny holes in
the electrodes proved troublesome for the first few units,

v fonly one out of five made it alive. After getting used to the
V procedure, the assemblers completed the remaining 25 units

with only one additional failure.

I
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The boards were rolled and inserted into the XCTD
spacer. The conductivity cell was put in place and the
battery leads, conductivity cell, and spacer electrodes were
soldered to the board. This assembly was tested.

Eleven probes were potted. There were no 'leakers' or
wires that the potting failed to cover completely. After the
potting had set, one unit had a broken BT wire which was
repaired. Another unit had only one BT wire yet proved to be
useable.

f B. ELECTRICAL TESTS

After being loaded the boards were bench tested in the
unrolled condition, with an external power supply and
resistors to simulate the thermistor and conductivity cell.
The output was checked at the drivers.

Testing of the loaded boards showed that one board had afaulty component and two boards had transposed components.
These were easily repaired.

j- After rolling, inserting and connecting all wires to the
boards the probes were tested again. A resistive network was
still used for the conductivity cell: a resistor was placed
between the outside electrodes and the test points to the

Sinside electrodes still accessable at the edge of the PC
board. The probe was turned on with a wet paper towel across
the turn on electrodes. The outr,ut was checked at the end of
the BT wire.

The results of this testing were that only 5 out of 27
boards successfully survived the rolling process. Some of
these failures were unique to this particular build. The
small cut on the board mentioned earlier would sometimes close
when the board was rolled up, rendering the board inoperative.
Approximately 6 boards failed in this manner. These boards
were reworked until only one unit was unrepaired.

f C. RECOMMENDATIONS FOR FUTURE BUILDS

The problems incurred during rolling up the PC board
should be addressed. Either another type of flexible board
should be used or the circuit should be built upon rigid PC
material in a manner such as XCP. The present layout of the
circuit subscribes largely to the procedures that Rogers Corp.
recommends for its Flex products.

li
[I
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The batteries requires a more reliable assembly
procedure. Currently we use a can-type battery assembly which
might allow the individual cells to separate upon stress or
heat. Perhaps a heat-shrink type packaging scheme might be
more suitable for our application.

1 D. CALIBRATION

The following description of the calibration procedure
was used for the September and November builds. This
procedure follows the description for XCTD calibration
Requirements documented in OM-8528.

1 1. CALIBRATION CONFIGURATION

a) BATH DESCRIPTION

The Guildline Model 9374 Constant Temperature Bath
was set up in the Engineering Wet Lab. The set up
included a 10' 1/2" copper tubing heat exrhanger
laid inside the perimeter of the bath. Water from
the bath was pumped through the heat exchanger by a
15W Aquamaster aquarium pump. The output of. the
heat exchanger connecte• via a flexible plastic
tube to a fitting on the probe holding fixture
which directed this stream of water at the nose of
the probe. The bath water was filtered by a
standard external cotton fiber aquarium filter with
a 15W Aquamaster pump and 3 siphons. Marine Mix
was added to Marion tap water to obtain sea water
blated to 35 C overnight. The following day the
bath was set at 30 C.

b) NBIS INSTRUMENT

The Neil Brown CTD Standard #2 was used. This
instrument was calibrated by Neil Brown Instruments
in November 1986. The data from thir calibration isj as follows:

iTi

ri ¶
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Average Error
TOI-+O.O00

30 C -0.0047

[Temperature 15 C +0.0005

0.5 C -0.0035

55 mmho/cm +0.0237

39 muho/cm +0.0176
Conductivi ty

31 mmho/cm +0.0121
S21 mmho/cin +0.0080

i. This data is incorporated in the CTDCAL program
currently used during probe calibration and makes
these corrections automatically.

The CTD was cleaned with the recommended .1 N HC1
solution prior to being placed in the bath.

Sc) SALINOMETER DATA

The Beckman Salinometer was also set up to makeI salinity measurements of water samples from the
bath. The salinometer was calibrated with Wormley
water and then samples of the bath were taken for
salinity measurements using the Neil Brown CTD and
Beckman Salinometer. A summary of this is shown
below:

Beckman
NB CTD Salinometer 0

I7 let try 33.811 33.646 0.165

2nd try 32.309 32.351 0.042

L 3rd try 32.347 32.355 0.008

Before probe calibration the salinity was brought
up to 38 +/- 1 ppt. Prior to each calibration, RI,

I I
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I MID and LOW, a water sample was taken for a

salinity check with both instruments. Results of[ these samplings are shown below,

Beckman
NB CTD Salinometer •

High cal. 37.777 37.918 0.141
37.814 37.933 0.119

Mid cal. 38.01 38.157 0.147

Low cal. 38.002 38.029 0.027

Since these measurements did not agree as closely

as expected, water samples were taken immediately
before and after each calibration usinq the soda
lime bottles from the Woods Hole Oceanographic.
These samples have not been submitted for analysis,
but have been kept should there bi a need to
investigate the discrepancy between the Neil Brown
and Beckman salihity measurements.

2. CALIBRATION READINGS, CALIBRATION CONSTANTS

For each probe at each temperature and conductivity, 50
data samples were taken of:

a) NB temperature
b) US conductivity
c) XCTD thermistor resistance
d) XCTD conductivity cell resistance

As a measure of internal consistency of the three
calibrations, for each sample taken the XCTD conductivity cell
constant was computed as follows:

XCTD XCTD conductivity
cell constant = NB conductivity x cell resistance

The cell constant is a geometrical property of the cell and
should remain constant if the cell dimensions are constant.

The average of the 50 samples was used to compute the
calibration constartis. i

I•
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Typically the fifty data samples were obtained without

trouble. However, due to the OspikingO problem (see Sec.
IIID3) up to 301 of the data points were discarded and not
included in the average used to compute the calibration
constants.

A summary of the calibration constants and the cell
constants for each probe deployed at sea is shown in of the
Appendix.

3. NOTES, RECOMMENDATIONS

Overall the HI calibration was difficult because the
probes did not want to turn on. The usual symptom was that
all the frequencies were the same, about 250 Hz. After a
considerable amount of shaking 9 out of 12 probes eventually
turned on and calibrated at high temperature and conductivity.

Two of the three probes that could not be calibrated had
all the frequencies below 410 Hz.This could mean that the
probe never completely turned on or had some other internal
electrical problem as a result of potting. The third probe
was completely dead and.did not have a Dprepot tested" stickeron it. Presumably it did not work and somehow got mixed into
the batch of good probes and potted.

In general the probe output, which was monitored on an
oscilloscope, was "spiky", particularly on the HICAL, but on
the other frequencies as well (see Section VIII for the
results of some investigation into the cause of this). The
normal probe output is a frequency burst followed by a quiet
time at the op amp rail. This spiking behavior would often
occur close to the end of the HICAL frequency and consist of
the output jumping to and being pinned at the opposite rail
until the normal end of the frequency burst, followed by a
normal quiet time at the usual rail.

The spiking behavior seemed to get worse with each
successive calibration. For the MID calibration one probe had
so many drop outs the average had to be computed by hand. Forthe LOW calibration, two probes were done by hand.

After the final LOW calibration the probes were rinsed
In fresh water and placed in an oven for 4 hours to dry out.

During the fresh water rinse one probe produced a loud crack
like glass cracking. This probe subsequently worked at see
without a problem. The attempt to dry the probes was
completely unsuccessful since water was observed to drip out
of them when they were being packaged for shipping.I

I..
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IV. AT-SEA TEST PROCEDURE & RESULTS

A. TEST SET-UP

A sketch of the test set-up is shown in the Appendix.
The equipment was set up on board the R/V Weatherbird the day
before going to sea and overall operation of the system was
checked using an XCTD simulator.

I B. LAUNCH SEQUENCE & PROCEDURE

The probes were launched in order of increasing expected
reliability according to observations made during the
calibration procedure. For each sea test the launch order was
as follows:

1 September November

Probe 6 Probe 20
"7 a 13

" 8 a 14
" 10 8 is

11 14
! " 1 " 17

""3 18

It should be noted that the at-sea weather conditions
for September were flat calm and for November were 8-10'
swells, 4' seas and 20 mph winds.

For the September test, Rich rinsed all units with soaoy
water through the conductivity cell and bucket tested them
before launching.

For the November test, we chose not to soap the probes
and Bruce bucket tested the first four units. These four units
remained partially to completely turned on for the time
between the bucket test and launch. This was probably a
source of confusion for the deck gear in determining the start
of signal and start of descent. The last three probes were
therefor not bucket tested.

For both sea tests the data was recbrded from the ANALOG
OUT port of the deckgear to cassette (see section VIA).

IF



C. AT-SEA RESULTS

t 1. SEPTEMBER SEA TEST

Probe 6 tested OK in the bucket but gave no signal after
I launch.

The next four probes, 7,8,10 & 11, bucket tested well
and gave signals after launch that looked good on the
oscilloscope with the exception of the expected HICAL
dropouts. This data did not transfer to the computer and there
was no storage of digital data.

I The last three probes, 1,3 & 5, gave good signals,
generated computer graphs and stored as digital data.

2. NOVEMBER SEA TEST

Probe 20 gave no signal during the bucket test.
Checking with a voltmeter showed that the probe output was
sitting at the rails.

Probe 13 when bucket tested showed a novel mixing of the
probe frequencies. The signal looked like the control signal
for the sample and hold was shifted to sample across two
frequencies rather than within one frequency. This probe was
launched anyway and recorded. It did not produce &ny graphics
or digitized data.

I- Both probes 14 and 15 bucket tested with the usual

number of HICAL dropouts (as experienced during calibration).
They gave reasonable looking signals on the oscilloscope after
launch. The deckgear did not start at launch but was
restarted at a later point in the drop when most of the HICAL
dropouts had gone away. Starting at this later point the
computer was able to generate graphic and digital data for
these two probes.

At this point in the test the de'-kgear developed
transfer problems and the MK9RV3 program would not step past
the checking of the board code section. The remaining three
probes, 16,17 & 18, were launched and recorded on tape only.

If

IF:

11}
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V. POST-TEST DATA PROCESSING

A* TAPE PLAYBACK

1. SEPTEMBER SEA TEST

Two tape recordings were made of the September sea test
data. Of these two, the recording from Tape Deck #1 was
deemed no good due to a tape speed error, and the recording
from Tape Deck #2 was used for all the tape playbacks.

The initial playback attempts showed that the deckgear
had all the same problems it had at sea. This was determined
to be a result of not being able to reliably latch onto a
LOCAL frequency. A prototype deckgear was breadboarded
together that ignored the value of the frequency and Just
measured a frequency if one was present (see 1182). Tape
playbacks into this deckgear allowed' us to process the data,
though it was noisy. A redesign of the prototype allowed for
the recovery of the September sea data to within the
attainable accuracy that is currently available from a direct
tape recording. This data was subsequently unloaded to the
VAX and processed as described below.

2. NOVEMBER SEA TEST

The tape recording made of the November sea test
suffered from not having the Automatic Recording Level of the
tape recorder turned off. This kind of problem is unique among
Sippican probes to the XCTD since the time multiplexing of the
XCTD signal makes analog recording of it difficult. This tape
was useless and playback of the November data was not
possible.

As a result of this mistake the at sea test set-up has
been modified to look at the XCTD probe signal with the
oscilloscope at the output (read head) of the tape recorder.

B. TRANSFER PROCEDURE TO VAX

Data that was MK9 processed and stored on disk at sea
was uploaded to the VAX through HP supplied software..

Data that was recorded in its analog form and processed
back at Sippican was uploaded in a slightly .different manner.
Uploading from the HP is a time consuming procedure. Approxi-
mately forty minutes per file are required to load the data
from disk to tape and subsequent uploading to the VAX. To try
and reduce this time, the data was transfered directly from
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Sthe disk on which is was stored to a Personal computer, aNultitech 900. There are two steps to the upload

I procedure.

Step 1 of the transfer of the data from the HP[I micro-flexible disk roquires the use of two programst

*D TO PC* on the HP85
"XCTD-.9S" on the Multitech 900

These two programs working simultaneously transfer the
data via an IEEE bus to the Multitech. The Multitech writesj the data to its hard disk.

Step 2 requires that the Multitech be configured as a
DECNET node (see John Botelho). Then one can invoke the
Network Pile Transfer Utility and copy the data file directly
onto the VAX.

This procedure reduced the time for uploading data files

to approximately 8 minutes.

C. VAX PROCESSING PROCEDURE

Several forms of processing were applied to the data and
several programs were developed by Bruce to compute and
plot the results. These programs aret

DATA SORT
PiLTUR
"DATA CRUNCH
PLOT

F These programs are all located in the subdirectory
SOSIDATA.XCTD. They can be run directly and are basically
user friendly, requiring some interaction, particularly for
input and output files.

1. FREOUENCY VS. DEPTH PROCESSING

Due to the presence of invalid data, the conventional
reduction process was incorrectly calculating elapsed time.
The data reduction scheme was therefor modified to be more
fault tolerant of data dropouts and obviously erron~eous data.
The program DATA SORT reads the data file containing the raw
numbers obtained Ey the deck gear and converts this number
back into a freauency. It then determines if the freauency
obtained is a valid LOCAL signal. If it is, then the program
assigns the next three data bytes as COND, HICAL and TEMP. IfI
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I it is not a valid LOCAL, the program determines if It is a
valid HICAL signal. If it is, then the previous two samples
are assigned LOCAL and COND respectively and the next acquired
sample as TEMP. Every data byte counts as 62.5msec when
computing elapsed time and subsequently depth. The output of
the program DATA SORT is a file with 5 columns of numbers,

•I i.e. depth and the-four frequencies ordered as follows:

DEPTH LOCAL COIUD HICAL TEMP

If neither the first number is LOCAL or the third number
is HICAL, the program increments its index by one and the test

I is repeated on the next four numbers.
2. TEMPERATURE AND CONDUCTIVITY DATA PROCESSING

I- Once the frequencies have been recovered, the program
DATA CRUNCH is used to compute teu'perature, conductivity and
salinity (Ref. UNESCO 44, 1983, Algorithms for computation of
fundamental properties of seawater). Any or all of these
parameters can be requested. These calculations are made using
the algorithms documented in MK9 SOFTWARE REVIS ION
REOUIREMENTS FOR INTEGRATION OF XCTD PROCESSOR, R-1414, and
the calibration constants associated with each probe. This
program requires a file made by DATA SORT and makes a tile
with a user specified name with the depth and requested

I parameters.

DATA CRUNCH also eliminates outlying points by
calculating for each point the RMS value of the surrounding 50
data points and removinq those more than three standard
deviations from the mean. Those points removed are
substituted with the recalculated average minus the
outlying point.

The program FILTER is used optionally to smooth the data
and does so using an equally weighted sum of points divided by
the number of points moving averaoe. The window length is
entered interactively. This program requeats t.n input file
from the user and generates a new file with the same format as
the input file and a user specified name.

1 3. PLOTTING PROCEDURE

The program PLOT is a general, interactive plotting
program which can handle up to 4 variables. This is the
program used to plot any of the data generated by the
previously mentioned programs.
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7V. RESULTS

This section is a guide through the 35 graphs that fill
up the rest of this report.

The results of the September test data stored at seat
probes 1,3 a So are shown in figs. 1-6. Figs. 1-3 are the
probe freauenctes vs depth and Figs. 4-6 are the temperature
and conductivity vs depth,

The next series of graphs, Figs. 7-13 show freauency vs
depth for the tape playbacks of all the probes deployed in the
September sea test. These graphs were made using the latest
redesign of the deckgear. Most of the spikes on these plots
are transpositions of data rather than errors in calculating
the frequency. The plot for probe 11 is short because the tape
ran out.

Figs. 14-20 show the temperature and conductivity vs
depth for all the probes deployed in the September sea test.
The noise present on these plots matches closely the noise
obtained from a test playback that was done to determine the
best accuracy obtainable from the currert tzp# rýcord/olayback
configuration.

The temperature and conductivity data shown in Figs.
14-20 was smoothed with a 50 point moving average on RICAL and
LOCAL, and a 6 point movinC average on TEPMP and COMO. The
result of this is plotted in Figs. 21-27.

The last 8 plots are the results of the November test
data stored at sea for probes 14 G 15 and the inte'comparison
with the Seabird CTD. CTD cast 05 was used since it was the
closest full length (lO00m) cast to both XCTDs.

Figs. 28 and 29 show the freauency vs depth for probes
14 and 15.

Figs. 30-35 are the XCTD and CTD intercomparison. Since
each XCTD started sending data at some deep depth, the depth
scales of the XCTD and CTD had to be adiusted for the best
alignment. Therefor each XCTD uses a different section of theCTD data for intercomarison purposes.

Figs. 30 and 31 show the intercomparison of temperature
and conductivity for XCTD probe 14. Figs. 32 and 33 show the
intercmparison of temperature and conductivity for XCTD probe
15. Figs. 34 and 35 Show the intercomparison of salinity for
XCTD probe 15.I

I
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I 1,.M. ANALYSIS Or TEST RESULTS

I Comrison of SeTtember and November digital data

(frequency plots) for the two different deck gears shows that
the redesigned deck gear does a better job with real time
jdata.

Intercomparison of the reprocessed September profiles
shows good repeatability - all temperature traces overlay and
all but one conductivity trace (M1 which is *3imho/cm off)
overlay.

-asuming the necessary depth offsets made are correct#
the comparison of the November XCTD profiles with the CTD show
good agreement, and the two salinity profiles show aareement
to within the allowed tolerance of .05 ppt.

VIll. SUISEQUENT DEVBLOP4ENTS

A record/playback experiment of the XCTD signal was done
to determine the accuracy of a tape playback done under ideal
lab circumstances. It was found that taping of the signal as
we have been doing does not allov the signal to be recovered
via playback with the necessary accuracy of +/- 0.03.

The HICAL dropout problem has been shown to be a
function of the BT wire getting wet. This problem develops a
few seconds after the probe spool gets wet and persists until
the probe spool is completely wet. The varying capacitance

j- between the BT wire and the water that developes as the spool
gets wet causes the line driver to become unbalanced. When
the ST wire is either totally dry or totally wet this it not aj problem.

I-

4
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Table 1. Summary of probe calibration numbers.

!
Tempersture Conductivity

Probe I
Serial I 2nd lot I 2nd lot

# I Term Term Constant I Term Term Constant

I 9 I
1 1 1.6446e-? 2.7173e-4 1.1714e-3 1 -3.64146 4.6459*+4 -2.093501

3 1 2,5641*e1 3.16109-4 9.37429-4 1 -2.321e+S 4.3063e+4 -9.453*-2
1 1

5 1 3.1632e-6 -2.436e-4 3.8135e-3 1 -5.617e+6 5.5987e÷4 -9.091452

7 1 541597e-7 2.1648.-4 1.4912e-3 1 -4.488e',E 5.0732e+4 -3.151511

1 1 2.2:IOe-7 2.8192e-4 1.1186:-3 1 -1.918e+: 4.4614e+4 -1.745951I10 8 .9744o-8 2.99999-4 1.0385o-3 11.3761*÷5 4.2832e+4 0.1329806

11 3.3462e-7 2.3169e-4 1.4678e-3 1 -6.277e+G 4.8008e+4 -1.465531

13 1 -5.650e-7 4.3283e-4 3.1118e-4 1 3.6157e÷5 4.3328e+4 0.2133030

14 1 6.1210e-7 1.8303e-4 1.7165e-3 1 2.9795.+6 3.1993e+4 5.8022306
1 11

15 1 9.0680e-8 2.9923.-4 1.07019-3 1 4.3620e4+5 4.4173*+4 0.2851405

16 1 4.6504*-7 2.2265*-4 1.4678e-3 1 -1.960e+6 4.5098.4,4 0.7492785

17 1 -5.922e7- 4.3406e-4 3.1285e-4 1 2.7406e+5 4.0502*+4 0.2802433

18 1 -4.550e-7 4.07709-4 4.53719-4 1 6.4578e+5 4.1155e+4 0.7033724
I I

19 1 -2.440e-8 3.1650*-4 9.6295e-4 1 -5.091e+6 5.28984+4 -2.030524

I I
20 1 1.5351*-6 4.2740e-5 2.3579e-3 1 -2.9754+6 4.89 60e+4 -3.675646

I I



Table 2. Sumary of probe cell aonstants.

Cell Sconstant
ProbeSeOrial 0 High LOW

S1 41.56 42.54 42.93

3 42.6 42.74 42.78

1 S 41.54 41.59 40.00

6 43.34 43.47 43.64

I 7 42.02 42.99 43.16

a 40.57 40.92 40.890

9 41.06 -t -

10 43.14 43.12 43.13

11 36.40 39.41 41.30

S13 44.01 43.93 37.36

14 40.37 43.48 42.11

15 45.00 44.93 44.91

S16 41.60 42.27 42.46

17 41.12 41.08 41.10

is1 42.60 42.55 42.61

19 44.29 45.72 46.48

20 42.08 42.36 42.11

F roa nminal geometrical considerataona, calculation of
the Cell constant - 42.78.

iii
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APPENDIX C

XCTO SENSORS RESPONSE CHARACYCRIZAl ION

0N.$. Manning. 6. Dalton, and H.W. LanceStorr

2. APPARAIUS

Solow is a diagram of the drop test apparatus at
the MAVOCEANO facility (Fig. 1). The key *..

features which were important f or the present ,,,

experiments are the 0-ring sealed piston in theq. q
t ube where the XCTD was positioned and the fix-

*Experiments were performe at the 14AVOCEANO ture its.;t. with the XCTD probe rigidly1. Lab in Say' St. Louis. MS. to study the sen- attache.1. which is driven through the interface
sor step responses of the XCTO by weights. For an ideal noviseous fluid the
(conductivity cell flushing length. in1 probe would be accelerated as the drop f ixture "it
particular). These experiments were the fell and the interface would remain unaffected
first of their kind on the Sippican XCT0 and stable with no mixing of the different water
and were exploratory in nature. A quan- masse" due to the falling action. This
titative characterization of the interfaces situation would be maintained until the 0-ring
generated at the NAVOCEAJID drop test faci- sealed piston separates from the tube, at which
11 ty. a measuremnt of the temprature time the "old" water. initially present in the
response time constant and on estimate of tube, would flood 0ownward in the tube
the Conductivity response time Constant of displacing the recently introduced "now" water.
'the XCTO were obtained in these tests. viscous effects due to several mechanical

actions introduce mixing and disruption of thee
interface to an extent which was initially
unknown.

1. INTRODUCTION

The selection of a test facility (1) was preli- ,OT
cated upon certain aeammptio 01n abPAteMedc
tivitY cell and test apparatus. Since
calculations indicated that the flow in the cell GI
W10s turbulent, a Minieum cell trawl distance of 1
4-6 cell lengthe (approssestely In) wasPa
necessary to abserve the am%,utot IC ppreach to T AHOTU
full reepemae. Furthter. repreducibility of thePLS
interfaces senereted for the test on the length 1ýPN9w
Scale Of the 0ell (20 ft) U0 desirable in orderGOWN
to esgIles the finme male. esemiemet Potential
of toe inetrowee. Eaeriintel art ifooe Such
08 the v480008 drOguiq Of m*Ou mWse iFA toMT

m v ater by the tubing and foetuo of the AIR UPPL
d4M fixture were believd to be ne-egligiblet TIM HUTS
but t""table. to edditifen it Was net peasible

t~ifelafdesell I'Oet"Iti~n mt"stseett 14s
ties. bftfWe the OiPP%"e tests the Viosous @

off ets ntioned doew and *A quality of
istrfeeedevlope at the a Cm" facility Fiurem Is NMVCLs water to water drop testhad not been queatilively stEd&e by a suitable Iltr o COruom hrcproistieln probe smash Ws a needl proe". terliation ateady

; i c~.47~oo.216 $1.0001U7 1.S.!



Theo Expendable Condoctivity, Temperature. en 3. INTERFACE
Depth (XCTO) probe is designed to mesure the
electrical conductivity rad temperttwre via on- The Sebird needle probe was used to profile the
Ob seneoar. Moth 1s computed fom masure- interfaces at various drop rates . A charac-

ments of the time of fall at a kiaWM drep rate. !eristic interface trace is shown Kelow in
A known electrical current is causd to pase figure 2. A two-step increase may oe identified

throwuh the Conductivity cell and the ther- here: an initial sharp rise followed by a gre-
mistert the voltge deeloped acroas these s50- dual rise to a constant level. Thi gradual rise
sors is dioectly proportional to the resistance is believed to be due to the dragging of "old"

of the sensors. From the resistance asure- water by the fixture into "new" water. That is,
mants the electrical conductivity (from the there Is a flushing of the drop fixture tubing
known cell constant) and temperature (using the itself superimposed upon the cel flushing.
Stcinhar-Hlart equation) of the •canm y This puts some limits on our ability to
calculated. interpret the full conductivity response con-

The sensors are sapled serially with fixed dition (99.91). especially for the conductivity
sensor. Nevertheless, the interfaces appear in

calibration duesivtors sampledsenss The our data to be reproducible on at least a 10 ca

resistance data ar converted to fr ncies length scale regardless of the drop rate of the

which are driven up the expendable wire link for test fixture.
further processing at the surface, typically The apparent oscillations in the later stages of
with the Sippican NK9 and NPS6 computer, the recorded signal are due to small drop test

For the present study the XCTO probe was altered fixture motions in the vertical direction sub-

in order to continuously reed out temperature sequent to the drop.

and conductivity data. A Seabird needle probe 4. XCTO RESPONSE
was used to characterize the interfaces quan-

titatively during the falling action of the drop Figure 3 displays the temperature response of
atest fixture. The Seabird probe had been the cell to an interface (T a 22 C: AT a 3.3 C;• .altered so that the high frequency filter was S a 3.5%) at 2.7 s/84C. The curve shows 8

disabled. These data were recorded on a dynamic leveling off which we interpret to be the full
signal analyzer (1iP 3562A). A software program temperature response of the probe. because of
was used to low-pass filter the original data experimental coostraints such as the necessity
corresponding to a 5 cm wavelength cut-off. of initially thermally isolating the drop f ix-

ture with the probe attached, it proved imprac-
tical to establish the full response of the XCTO
by letting the probe come to equilibrium with
the "now" water either before or after every
drop. Allowing the probe to record in the "new"

" water before a drop was tried once with the
"result that the abo•e criterion for establishing
the point of coplete response wM verified.
"The limit on this Check wae our ability to

-1 reliably correct for a beth temperature drift.

Other features of the data presented in figure 3
• -are noteworthy. An abrupt reduction occurs

"after the full signal level is reached in the
tomperature response. Thereafter a slow reco-
very toward the higher level occurs but never is
"reached completely within the available experi-
mental time. This we interpret, as is Justified
by the distance implied in this time series
"date. as the flooding of the probe from the rear
by Oold* water after the o-ring sealed piston
separates free the tule at the end of the drop.

i.. -i4 " • A grp'Al rise step, as aem in the needle probe
jM profile, is not present in the figure 3 curve.

This my bo u*ndrtbd by the fact that the
thermistor Is a highly localized enor# not
seeatally attended like a eanductivdty sensor,

and thefow des not 9enee the Oold" water
which has been dragged along by the drop test

r 2 Noodle po trace (satep) of fixtu-e. leed an this date a meesuire a tim
evwlotiVity stop intowe •constant of 90 so for the teaperature respons.
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fiue3 eprtr epneo CIpoeFiue4 odciiyrsos fXT rb
"Fo h odciiyrsos.amr opi

cate pitureappars. Sice te cll soul

siIon th c esondutvtsftewae of tside troeFiue :Codcity sneOfXTpre

pr (2). Temperivetature gradulr--rsuc

Frthe stdueiip responsei rsn asi moreed forp
anexensedsnosuha the conductivity oftewtrotelth

prote he"hwvr believe o thate gradual 104sc
abythe needle probe srp si houldase ofeen

topoatrerepontsin the shatrp fiseoortiong ofth
p by ith "old (figure a)f Nter as the -igsae

psoisreeosed ias pesen as isherpected-ofo inth
Fullda response wich difficult tocusna

aosthe ten hrdowvr* eas of the gradualrieprinoi.&3a..81,L M .1017 a
Ithcoductivity profile.W aete ful inaed" by
neede pr onedrop.it Asigna the ocaseof the

tpetur eve responed juth laerfloodngo the ito
detthfloigby the "old" water. afertehingseae
idniiais n rem se cansstes t a ishar alof theed e Figr $aXT o ndedlpobcnu-

soroad response wnhiche apparently occr nhear tiit repos coprio displaying
teedua sop te garadualpriseportion t o fth tho n-alg indicatedJ g relativee poseigion a nd l ong. 31.I apuroimatey prfie. sae ata thes fullt repnste of
theps.TA conductivity rsignal toiocu at thet

Reatid.lvel rotesached conustibeorethe resouction Tepeetcnutvt eut.cnitn
due to he flood(apingby the% "old" water. thisihteid~tdasupin.w eitdi
prbe rae solt be tset the Incimaseareo the fggr6fre tivsiutyresone copariosondipayn
duacel slopprtin proportion tfo th tS o.Tal
change lberve tn the actedleXT prb drop Is Iniratrltvepsto adln
aPpWe")matelyitesng tat this point In thoxr- eghsae supin
411tiOwmateis ft t00 as. luhn lit
undetiam to the statedconductivityT resolution Tepeetcnutvt eutcnitn
sofl thereo beI sarumptlin rate flimiscdale) the wihtendcedaaiosardpcedI
th"Ntit ae Colrruin ecgti of 60n - 160 amh

seldar operatingcodtionis. lbs XCTD resluio
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6. cONCLUSION

teep t elrture an tim constants of the XCTO

p h" e been meour•d for the first time. An
antysis is given which indicate* that the XCTO
resolution is smpling rate li•ted at the pr*-

e time. Reiining ambiguity in the conduC-
tivity cell flushing length determination may be

"resolv y ad n *mpert--tI arrangeseyt with "a*

lea"er transit length for the probe with a
errapNIing extenion of the o-ring sealed

piston eacursian. A higher drop rate (3.66

a/9e0) O the inclusion of the prOe rotation

would be deuirable. These extensiefS of the

present woek ae probaly not possible at the

IAWCIGDO lab. A suitable alterMtive facility

hm rat ben located.

it is possible to extend the pre*sent work to

include different sized teiperature step and
different temperature ranges. Synchronizing the

I 3 date channels in order to obtain pha" infor-

mation about the response function is possible
within the present design of the NAVOCEANO drop

test fixture, although some increase in the
tubing diaeter of the drop-test fixture would

be necessry.
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